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INTRODUCTION 
Recent advances in rare earth technology, the possible 
application of rare earth alloys in reactor fabrication and 
the quest for knowledge concerning the interrelationship 
between properties of elements and their atomic number all 
indicate a need for extensive investigations of the rare 
earth elements and rare earth alloy phases. The present 
investigation of binary rare earth-magnesium interraetallic 
phases was undertaken, therefore, in order to learn more 
about the nature and stability of the rare earth-magnesium 
intermetallic phases and thus to possibly learn more about 
the factors which govern the properties of the rare earth 
elements themselves. 
The effort required to le am more about the nature and 
stability of intermetallic phases can be channeled into three 
endeavors (1) which are: 1. determination of the crystal 
structures and compositions of alloy phases; 2. correlation 
between structures and the character and distribution of bonds 
between atoms; and 3. elucidation of factors which influence 
the relative stability of the phases. Heretofore, the study 
of intermetallic phases in the lanthanon^-magnesium systems 
^he word lanthanon as used herein will refer to the rare 
earth elements whose atomic numbers are 57-71 inclusive. 
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has been confined primarily to the determination of the crys­
tal structures and compositions of the phases in these systems. 
Thus, in the lanthanon-magnesiura systems a correlation between 
structures and bonding in alloy phases and a better under­
standing of the factors which govern the stability of alloy 
phases are needed. One step toward accomplishing these objec­
tives is to determine the thermodynamics of formation of the 
intermetallic phases in these systems, since the free energy 
of formation gives an indication of the stability of alloy 
phases; the enthalpy of formation is intimately related to 
the type of bonding present in alloy phases; and the entropy 
of formation is closely linked to changes in configurational 
arrangement as well as changes in magnetic, vibrational and 
electronic behavior upon alloy phase formation. It was 
anticipated that the thermodynamic functions when determined 
and correlated with crystal structure data should 1. offer an 
insight into the nature of metallic bonding in these phases; 
2. give a better understanding of the factors which determine 
the relative stability of the phases in each system; and 3. 
help elucidate the factors which govern the appearance of, 
disappearance of or change in crystal structure of a lantha-
non-magnesium phase with increased atomic number. Therefore, 
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the determination of the thermodynamics of formation for 
phases reported to exist in the cerium-, neodymium-, gado­
linium-, dysprosium-, erbium- and lutetium-magnesium systems 
was undertaken. The investigation was limited to these sys­
tems because it was believed that the data and trends estab­
lished in these systems would be representative of the other 
rare earth-magnesium systems. 
4 
LITERATURE REVIEW 
Lanthanon Elements 
Historically the first rare earth to be discovered was 
cerium in 1803. It was, however, not until 1913-1914 that 
Bohr with his theory of atomic structure and Mosely with his 
experimental studies made it clear that only 15 rare earth 
elements could exist (2). Since that time the rare earths 
have been investigated for various reasons: 1. scientific 
curiosity, 2. development of commercial products and 3. ob­
taining more information about the rare earths and the role 
they play in atomic energy. 
Initial investigations of lanthanon-magnesium alloys were 
centered on the magnesium-rich alloys with the primary inter­
est being in the determination of the effects that small 
additions of lanthanons had on the mechanical properties of 
magnesium. The role of the lanthanons in magnesium technology 
has been reviewed by Prochovnick (3) and Leontis (4) and 
therefore further elaboration on this subject is not deemed 
necessary. A more recent interest in the lanthanon-magnesium 
alloys has been centered around the lanthanon-rich alloys, 
because several of the lanthanons are known to be fission 
products from nuclear reactions and because of possible future 
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application of these alloys in reactor technology. The uses 
of the lanthanons and their alloys in nuclear technology have 
been described by Posey and Pressly (5), the Michigan Chemical 
Company (6) and Anderson (7). The properties of the pure 
lanthanons have been adequately reviewed by Levy (8), Yost, 
Russell, and Garner (9) and Spedding (10). Reviews concern­
ing rare earth research, in general, have been presented by 
Nachtnan and Lundin (11) , Kleber (12) , Spedding and Daane (13) 
and Gschneidner (14). 
The similarity of the chemical, metallurgical and physi­
cal properties of the rare earth elements is usually explained 
in terms of the unique electronic configurations present in 
these elements. The lanthanon elements belong to the Sixth 
Period of the Periodic Table which is characterized by the 
filling of the 6s energy level with two electrons. In trav­
ersing the period the nuclear charge increases and therefore 
additional electrons can go into the energy level which is the 
lowest energy configuration. Spectroscopic data for the lan­
thanon vapor phases show that initially the 5d level is in 
the lowest energy state and one electron enters the 5d level. 
From this point on the 4f level is in the lowest energy state 
and the 4f level is filled before a second electron is added 
to the 5d level. The filling of the 4f level with 14 elec­
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trons gives rise to the 15 rare earth elements (lanthanum with 
no 4f electrons is included) each of which possess essentially 
the same valence shell configuration. It would seem logical, 
therefore, that any differences in the properties of the rare 
earths would, in general, be attributable to the number of 4f 
electrons present in these elements. 
In Table 1 the number of valence electrons as compared to 
the number of outer core electrons are given for each rare 
earth element in its metallic ground state. These assignments 
are based on a compilation of Gschneidner (14). Ground state 
assignments for gaseous lanthanons, also in Table 1, are from 
Moore (15). In the assignment of a metallic state to each 
lanthanon care must be exercised as both the 6s and 5d levels 
are, in actuality, overlapping energy bands. In their posi­
tron annihilation work, Gustafson and Mackintosh (16) have 
found that at room temperature both cerium and gadolinium have 
three valence electrons per atom while ytterbium has only two 
valence electrons per atom; this is consistent with the metal­
lic states assigned to gadolinium, cerium and ytterbium in 
Table 1. 
Because of the inability of added 4f electrons to effec­
tively screen out the accompanying increased nuclear charge 
both the 4f and valence shell radii are drawn closer to the 
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Table 1. Electronic structure of the lanthanon elements 
Atomic Element Metallic state Gas state assignment 
number assignment 
Outer 
electrons^ 4f 6s 5d 4f 
57 La 3 0 2 1 0 
58 Ce 3 1 2 1 1 
59 Pr 3 2 2 3 
60 Nd 3 3 2 4 
61 (Pm) 3 4 2 
62 Sm 3 5 2 6 
63 Eu 2 7 2 7 
64 Gd 3 7 2 1 7 
65 Tb 3 8 2 9 
66 Dy 3 9 2 10 
67 Ho 3 10 2 11 
68 Er 3 11 2 12 
69 Tra 3 12 2 13 
70 Yb 2 14 2 14 
71 Lu 3 14 2 1 14 
39 Y 3 0 5s^ 4d^ 0 
^Conduction band population. 
nucleus, thereby resulting in a Lanthanide Contraction with 
increasing atomic number. The primary result of such a con­
traction is the systematic decrease in the atomic radii of the 
solid lanthanons in going from lanthanum to lutetium, but with 
exceptions occurring at europium, ytcsrbium and cerium. In 
Figure 1 the metallic radii of barium, the lanthanons and 
hafnium are plotted as a function of atomic number. In this 
figure europium and ytterbium are shown to be divalent and 
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Figure 1. Metallic radii of bariimi, lanthanon and hafnium 
metals (after Gschneidner (14)) 
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«-cerium is indicated as approaching a tetravalent state, 
interpretations which are consistent with the electronic 
structures given in Table 1. The difference of about 12% 
between the atomic radii for the divalent and trivalent lan-
thanons is sufficient difference to govern the stability of 
intermetallic phases which form primarily due to size consid­
erations . 
Lanthanon-Magnesium Phases 
Determinations of the crystal structures and stoichiom= 
etries of the phases in the binary lanthanon-magnesium systems 
have been extensive but as yet are not complete. A survey of 
the phases and the crystal structures which have been reported 
to exist in these systems is shown in Table 2. If europium 
and ytterbium are excluded because of their generally atypical 
behavior and promethium is excluded because of its non-avail-
ability^ then several rather interesting patterns can be noted 
in Table 2. The stoichiometries and crystal structures of the 
magnesium-rich phases (greater than 50 at/o Mg) of the lighter 
lanthanon-magnesium systems show a distinctly different pattern 
Gschneidner (14) reported that no metallic promethium 
has ever been prepared and therefore promethium will be deleted 
from further discussions unless otherwise stated. 
Table 2. Phases and crystal structures which have been reported for binary 
lanthanon-magnesium alloys (after Kripyakevich and Evdokimenko (17) 
and others^) 
Ln LnMg LnMg2 LrTMg3 Ln5Mg24 Ln5Mg4i Ln2Mgx7 LnMgx2 
La CsCl MgCu2 BiLi3 Th2Nii7 ?b 
Ce CsCl MgCu2 BiLig Ce5Mg4i(18) Th2Nii7(18) ThMni2(18) 
Fr CsCl MgCu2 BiLig (19) ThMnl2 
Nd CsCl MgCu2 BiLig ?c (20) ThMni2 
Sm CsCl MgCu2 BiLig ?b 
Eu CsCl MgZn2 Th2Nii7 
Gd CsCl MgCu2 BiLig ?c (21) 
Tb CsCl MgZn2 BiLig »-Mn 
Dyd CsCl MgZn2 BiLl3 a-Mn 
Ho CsCl MgZn2 Ck'-Mn 
Er CsCl MgZn2 ck'-Mn 
Tm CsCl MgZn2 cy-Mn 
Yb n.0.6(22) MgZn2 
Lu CsCl MgZn2 Ck'-Mn 
^Reference numbers of other investigators are given in parentheses and in 
Tables 3-7. 
^Phases of unknown stoichlometries reported by (17). 
^Stoichiometries and crystal structures are equivocal. 
DyMg2^^ phase with NaTl crystal structure reported by (23) . 
®No phase is observed at ambient pressures. 
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when compared to the pattern exhibited by the stoichiometries 
and crystal structures of the magnesium-rich phases of the 
heavier lanthanon-magnesium systems. For the lighter lantha-
nons LnMg2 phases occur from lanthanum to gadolinium with a 
cubic MgCu2 structure; LnMgg phases occur from lanthanon to 
dysprosium with a cubic BiLig structure; and magnesium-rich 
phases occur from lanthanum to gadolinium with stoichiometries 
Ln^Mg^2 ) Ln2Mgi7 and LnMg]^2 with respective crystal struc­
tures Ce^Mg^2, Th2Niiy and ThMn]^2* 1^ contrast, for the 
heavier lanthanons LnMg2 phases occur from terbium to lutetium 
with a hexagonal MgZn2 structure; no LnMg^ phase occurs beyond 
dysprosium; and magnesium-rich phases occur from terbium to 
lutetium with an a-Mn structure and Ln^Mg2Z^ stoichiometry. 
LnMg phases with a cubic CsCl structure occur for both the 
light and heavy lanthanons. In the case of the lighter Ian-
thanon-magnesium systems only the cerium-magnesium system has 
been investigated in detail and indeed there is a question as 
to the stoichiometries and crystal structures of the equi­
librium magnesium-rich phases in the Pr-Mg, Nd-Mg, Sm-Mg and 
Gd-Mg systems. Until a similar detailed study of the magne-
sium-rich phases of these systems is made only conjecture can 
be made as to what systematic variations occur in the sequence 
of magnesium-rich phases from lanthanum to gadolinium and 
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whether the stoichiometries of these phases are 
Ln2Mgi7 or in the case of gadolinium even Ln^Mg24. 
In their determination of the thermodynamics of formation 
of the LnMg phases with the CsCl-type crystal structure Ogren, 
Magnani and Smith (24) have found that the relative stability 
of the LnMg phases varied from one lanthanon to the next, 
thereby presaging similar differences for the remaining series 
of lanthanon-magnesium phases with homologous crystal struc­
tures . This differing behavior correlates with differences 
which have been observed in other alloy systems in which a 
phase appears, disappears or changes crystal structure as the 
atomic number of the rare-earth component is changed. In 
addition,it has been observed in other systems that a phase 
may not appear in a system at ambient pressures even if the 
phase has a negative free energy of formation and thus would 
be considered stable. In this case the differences in the 
relative stability of the phase in question and the two phases 
adjacent to it in a given system determine whether the phase 
will appear. 
Lattice parameters for the LnMg, LnMg2, LnMg], Ln^Mg2z^, 
and magnesium-rich light lanthanon phases are given in Tables 
3, 4, 5, 6 and 7, respectively. Lattice parameters of the 
phases in the Eu-Mg and Yb-Mg systems have not been included 
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in these tables. 
Table 3. Lattice parameters of CsCl-type structures in 
lanthanon-magnesiuTn systems 
Lanthanon Lattice parameter of Reference 
CsCl-type compound 
La 3.970 landelli & Palenzona (22) 
Ce 3.924 " 
Pr 3.898 " 
Nd 3.881 " 
Sm 3.845 
Gd 3.821 " 
Tb 3.796 " 
Dy 3.785 
Ho 3.773 " 
Er 3.757 
Tm 3.746 " 
Lu 3.727 
Table 4. Lattice constants of MgCu2 and MgZn2 structures in 
lanthanon-magnesium systems 
Lanthanon Lattice Constant Structure Reference 
a c 
La 8.787 
Ce 8.733 
Pr 8.689 
Nd 8.662 
Sm 8.622 
Gd 8.59 
Tb 6.09 9.81 
Dy 6.02 9.76 
Ho 6.01 9.76 
Er 6.00 9.70 
Tm 5.97 9.74 
Lu 5.96 9.71 
MgCu2 landelli(25) 
MgCu2 " 
MgGu2 
MgCu2 " 
MgCu2 " 
MgCu2 Kripyakevich and 
Evdokiraenko (26) 
MgZn2 " (26) 
MgZn2 " (23) 
MgZn2 " (27) 
MgZn2 " (26) 
MgZn2 " (23) 
MgZn2 " (23) 
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Table 5. Lattice parameters of BiLig structures in lanthanon 
magnesium systems 
Lanthanon Lattice constant 
of BiLig structure 
La 7.509 
Cd 7.428 
Pr 7.430 
Nd 7.410 
Sm 7.327 
Gd 7.35 
Tb 7.32 
Dy 7.267 
Reference 
Iandelli(25) ÎÎ 
I I  
I I  
I I  
Kripyakevich & Evdokimenko(26) 
II It 
(23) 
Table 6. Lattice parameters of a-Mn structures in lanthanon-
magnesium systems 
Lanthanon Lattice parameter Reference 
of a-Mn structure 
Tb 11.283 Kripyakevich et al.(27) 
Dy 11.246 
Ho 11.233 " 
Er 11.224 " 
Tm 11.208 " 
Lu 11.185 " 
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Table 7. Lattice parameters of magnesium-rich phases in the 
light lanthanon-magnesium systems 
Lanthanon Lattice parameter 
a c 
Structure Reference 
Ce 14.78 10.43 Ce5Mg4i Johnson & 
Smith(28) 
La 10.36 10.24 Th2Nii7 Evdokimenko & 
Kripyakevi ch(2 9) 
Ce 10.33 10.25 CeMgio.3 
(Th2Nii7) 
Johnson & 
Smith (30) 
Ce 10.35 5.96 ThMni2 Kripyakevich & 
Evdokimenko(17) 
Pr 10.34 5.98 ThMni2 Evdokimenko & 
Kripyakevich(19) 
Nd 10.31 5.93 ThMni2 Evdokimenko & 
Kripyakevich(29) 
Lanthanon-Magnesium Phase Diagrams 
Studies of the phase relationships in the lighter lantha-
non-magnesium systems have been extensive, but little has been 
accomplished in the investigation of the phase relationships 
in the heavier lanthanon-magnesium systems. Both Gschneidner 
(14) and Hansen and Anderko (31) have reported phase diagrams 
for the La-Mg, Ce-Mg and Pr-Mg systems and have reviewed the 
investigations made in these systems= A partial phase diagram 
for the Nd-Mg system including the magnesium-rich region has 
been reported by Gschneidner (14) and Elliott (32) in their 
reviews of the investigations of this system. 
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More recently, Wood and Cramer (18) and Crosby and Holtnan 
(33) have made detailed studies of the phase relations in the 
magnesium-rich portion of the cerium-magnesium system. The 
cerium-magnesium phase diagram reported by Gschneidner (14) 
and Hansen and Anderko (31) as modified by Wood and Cramer 
(18) is illustrated in Figure 2. The revisions of Wood and 
Cramer (18) indicate magnesium-rich phases with stoichiome­
trics which are in agreement with those reported by other 
investigators (22,26,28,29). Neither Wood and Cramer (18) nor 
Crosby and Holman (33) have reported a phase with the stoi-
chiometry CeMgg in their investigations of the phase relation­
ships in the magnesium-rich portion of the Ce-Mg phase diagram, 
thereby indicating the need for a detailed study of the phase 
relationships in the magnesium-rich portions of the La-Mg, 
Pr-Mg and Nd-Mg systems. 
Figure 3 shows the phase diagram for the Gd-Mg system 
reported by Burov and coworkers (21)^ Again the delineation 
of a GdMgg phase in the Gd-Mg phase diagram indicates a need 
ror a more detailed study of the magnesium-rich portion of 
this system. Only the Ln-rich portion of the phase diagrams 
have been reported for any of the heavier lanthanon-magnesium 
systems (34); however, because of the similarity in the alloy­
ing behavior between yttrium and the heavy lanthanons and 
17 
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Figure 2. Phase diagram for the cerium-magnesium system 
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Figure 3. Phase diagram for the gadolinium-magnesium system 
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because of the presence of LnMg, LnMg2 and Ln^Mg2^ phases for 
both the heavy lanthanons and yttrium it would appear that the 
phase relationships for the heavy lanthanons would be analo­
gous to those encountered in the Y-Mg system. For this reason 
the Y-Mg phase diagram (35,36) is shown in Figure 4. In the 
present investigation approximate phase boundaries and trans­
formation temperatures were estimated for systems for which a 
complete phase diagram was not available. These estimates 
were obtained by interpolating between existing phase diagrams. 
Thermodynamic Investigations 
Thermodynamic studies have been made in most of the 
lanthanon-magnesium systems as well as in the yttrium-magne­
sium system. Canneri and Rossi (37,38) used acid solution 
calorimetry to determine the enthalpies of formation of Wig, 
LaMg3, PrMg and PiMgg. Biltz and Piper (39) also used acid 
solution calorimetry to determine the enthalpy change associ­
ated with the formation of CeMg and CeMgg. In both studies 
the range of purity of the elemental lanthanons was 92-98 
wt %. The results of these investigations are given in Table 
8. Smith and coworkers (36) have determined the enthalpies of 
formation of YMg, YMg2 and Y^Mg2^-Y^Ng2/;^ by means of HCl acid 
solution calorimetry and by measurement of the vapor pressure 
20 
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Figure 4. Phase diagram for the yttrium-magnesium system 
21 
Table 8. Heats of formation of lanthanon-magnesium compounds 
Compound 
Heat of formation 
(kcal/g-atom) Reference 
Calorimetry Vapor 
pressure 
LaMg 
LaMgg 
-2.85 
-3.22 
Canneri and Rossi (37) 
I I  I I  I I  
CèMg 
CëMgg 
-6.50 
-4.25 
Biltz and Piper (39) 
I I  I I  I I  
PrMg 
PrMgg 
-4.10 
-2.75 
Canneri and Rossi (38) 
I I  I I  t l  
YMg 
YMg2 
-3.02+0.34 
-3.40+0.28 
-2.77+0.80 
-2.97+0.95 
Smith et al. (36) 
t l  I t  I t  
Y5Mg24 
or 
Y4M825 
-1.76+0.14 -2.04+0.97 I I  I t  t l  
of magnesium over yttrium-magnesium alloys. The purity of the 
yttrium was 99.5 wt % with titanium being the major impurity= 
The results of this investigation are also in Table 8. 
Ogren, Magnani and Smith (24) have determined the thermo­
dynamics of formation of the LnMg phases. The purity of the 
elemental lanthanons which were employed in their investiga­
tion ranged from 99.5-99.9 wt %. Free energies, enthalpies 
and entropies of formation of the LnMg compounds from the 
elemental components in the solid state at 773°K are listed 
in Table 9. 
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Table 9. Thermodynamic functions for the formation of CsCl-
type structures 
0 0 0 
-AH?73 -AS773 -AG773 
Compound (kcal/g-atom) (e.u./g-atom)^ (kcal/g-atom) 
LaMg 0.9 -2.2 2.61 
CeMg 1.9 -0.5 2.27 
PrMg 3.0 +0.6 2.60 
NdMg 2.4 -0.5 2.72 
SnMg 0.9 -2.2 2.67 
GdMg 1.7 -0.9 2.65 
TbMg 0.9 -1.8 2.29 
DyMg 1.3 -1.4 2.44 
HoMg 0.2 -2.3 2.00 
ErMg 1.6 -0.3 1.79 
TmMg 2.1 +0.1 1.97 
W4g 0.5 -1.0 1.24 
e.u. = 1 cal/deg. 
Thermodynamics of Heterogeneous Equilibria 
The subject of thermodynamics of heterogeneous equilibria 
is discussed in standard thermodynamic texts such as Guggen­
heim (40), Wall (41) and Darken and Gurry (42). Methods for 
the tabular presentation of thermodynamic data have been 
described by Hultgren et éd. (43). Darken and Gurry (42) and 
Smith (44) have described the techniques which are employed 
for the incorporation of heat-capacity data with vapor pres­
sure data. Heat-capacity data for the compounds in the Ce-Mg, 
Nd-Mg, Gd-Mg, Dy-Mg, Er-Mg and Lu-Mg systems are not available 
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and therefore the change in heat capacity for the reactions 
leading to the formation of each of the compounds in the 
systems under investigation was assumed to be zero (Kopp's 
law). Thence, the enthalpy of formation determined in such 
a manner is the average enthalpy of formation over the temper­
ature range of measurement. 
In order to determine the thermodynamics of formation of 
the compounds in a lanthanon-magnesium system, it is necessary 
to obtain vapor pressure data over a number of two-phase 
regions in the system. The correlation between measured vapor 
pressures and the free energies of formation of the compounds 
under investigation can be made evident from a consideration 
of the reactions occurring in the various two-phase regions. 
With the assumption that = 0 the thermochemical considera­
tions germane to the heterogeneous equilibria established dur­
ing the vapor pressure measurements are summarized in the 
following paragraphs. 
In the first two-phase region the lanthanon solid solu-
and the standard free energy associated with reaction (1) is 
mpcund, Lri-îg, are in equilibrium 
The equilibrium condition is given by the reaction 
Mg(v) + Ln(s.3.) - LriMg(s) (1) 
24 
given by 
iG° = RTlnPi5gai_„. (la) 
Where I^g is the vapor pressure of magnesium over the equi­
librium two-phase alloy, Ln(s.s.) plus LtiMg, and a^^ the 
activity of the lanthanon in the terminal solid solution. A 
second reaction 
Mg(s) Mg(v) (2) 
for which 
6G° = -RTlnPgg (2a) 
represents the equilibrium condition between magnesium vapor 
and magnesium solid, where P^g is the vapor pressure of mag­
nesium over pure magnesium. Combining these two reactions 
(Hess' law) yields 
Ln(s) + Mg(s) LnMg(s) (3) 
for which 
I 
• (3a) 
^Mg 
This free energy change is the standard free energy of forma­
tion of one mole of solid LnMg in its standard state from the 
constituent elements in their standard states. 
Similarly, to obtain the standard free energy of forma­
25 
tion for LriMg2 the following reaction must be considered 
LnMg(s) + Mg(v) LnMg2(s) (4) 
for which 
= RTlnP^g , (4a) 
where P^g is the vapor pressure over the equilibrium two-phase 
alloy, LnMg and LnMg2. Since for the reaction 
Ln(s) + Mg(s) - LnMg(s) (3) 
pi a 
= RTln (3a) 
^Mg 
and for the reaction 
Mg(s) - Mg(v) (2) 
4G° = -RTlnP°g , (2a) 
a combination of these reactions yields 
Ln(s) + 2Mg(s) LnMg2(s) (5) 
for which 
'GLnMgj ' RIk ^  + 'G^g = (5a) 
• -o 
The free energy change given in (5a) represents the standard 
free energy of formation of one mole of the compound LnMg2 in 
its standard state from its elemental constituents in their 
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standard states. This same procedure can be applied to the 
other two-phase regions in a system in order to obtain the 
standard free energy of formation of all the compounds in each 
of the lanthanon-magnesium systems under investigation. 
The free energies , etc. can be evaluated 
if the vapor pressures P^g, P^g, P^^, etc. are known and if 
the activity aL^, can be evaluated. Because of a lack of 
activity data for the lanthanon terminal solid solution in the 
systems under investigation it was necessary to assume the 
validity of Raoult's law in each case whereby the activity of 
the lanthanon is set equal to the mole fraction of the lantha­
non in the terminal solid solution. This assumption is not 
believed to lead to any significant error as long as the ter­
minal solubilities do not exceed ~10 at.%. Joseph and 
Gschneidner (45) determined the solid solubility of magnesium 
in La, Ce, Pr, Nd, Gd, Dy, and Lu from approximately 250°C to 
the eutectoid temperature. Their data are in a temperature 
range commensurate with the temperature range of the present 
vapor pressure measurements and their points were fitted to a 
relation of the form log^g a^^^ = log^^ = C/T + D by Ogren, 
Magnani and Smith (24). In no case was a significantly better 
fit to the experimental points obtained by utilizing higher 
order terms. The magnesium solubility limits for the remain­
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ing lanthanons were inferred at homologous temperatures, 
T/T]yjp, by Ogren, Magnani and Smith (24) through use of the 
interpolation scheme suggested by Joseph and Gschneidner (45). 
Parameters for the linear representation of the mole fraction 
of lanthanon along the solubility terminus, log^q Nl^ = C/T 
+ D, are shown in Table 10. Both the standard enthalpy of 
formation and the standard entropy of formation can be deter­
mined by taking the appropriate derivative of the standard 
free energy of formation if the temperature dependence of the 
latter is known since ÛG° = AH° - T6S°. The precision and 
accuracy are significantly reduced in the process of taking a 
derivative and thus the reliability of the enthalpy and 
entropy values are significantly less than the reliability 
of the corresponding free energy value. 
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Table 10. Mole fraction of lanthanon along the solubility 
terminus, logigNLn ^ CT~1 + D 
Lanthanon C -D 
La 109+18 0.169+0.024 
Ce 84+6 0.142+0.008 
Pr 68+9 0.125+0.012 
Nd 82+11 0.132+0.014 
c
o
 
68 0.121 
Gd 97+14 0.152+0.017 
Tb^ 102 0.152 
Dy 92+30 0.141+0.031 
Ho^ 98 0.149 
Er^ 98 0.153 
Tm^ 99 0.158 
Lu 97+3 0.164+0.004 
^Values of C and D based upon interpolation. 
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EXPERIMENTAL METHOD 
Sample Preparation 
Alloys which were employed in this investigation were 
prepared from doubly-distilled magnesium and the appropriate 
high-purity rare earth element. The magnesium was obtained 
from the New England Lime Co. and further purified by distil­
lation at Ames Laboratory. The rare earth elements were also 
prepared and purified at Ames Laboratory. The results of the 
chemical analysis of the elemental components are shown in 
Table 11. 
Because of the rapid air oxidation of several of the 
elemental lanthanons and their alloys, several precautions 
were taken in the preparation and handling of all alloys. 
All manipulations and storage of alloys and their elemental 
components were done in a Blickman dry box containing an argon 
atmosphere. 
The procedure for the preparation of the alloys varied 
depending upon the amount of magnesium present in the alloys. 
In all cases amounts of magnesium and the appropriate lantha-
non were weighed and placed in tantalum crucibles. The tanta­
lum crucibles were sealed under vacuum and placed in stainless 
steel crucibles which were subsequently sealed under an inert 
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Table 11. Chemical analysis of alloying elements in wt ppm 
Impurity Mg Ce Nd^ 
Element 
Gd Dy^ Er Lu 
H - 16 17 17 3 2 2 
C 200 50 30 70 - 6 6 
N 100 31 239 16 <1 2 -
0 - 59 349 752 61 68 260 
F - 200 16 53 - 51 -
Mg M <30 <50 <10 <•2 <20 <10 
A1 - - .4 30 2 <40 <10 
Si 10 <50 40 <10 <2 <30 <10 
Ca T 50 4 <10 - <20 <10 
Cr - <80 12 <10 50 <20 <10 
Fe 50 20 50 50 40 <20 <30 
Ni - - 10 <10 3 <20 <10 
Cu T <30 9 <20 60 - <10 
Zn - - 7 - .8 - -
Ag - - - - <3 - -
Hf - - - - - - 900 
Ta - <500 220 <200 10 <600 800 
W - - 10 - - - -
Pb - - - - 10 - -
Sc - - 2 - 200 - <5 
Y - - 2 <20 1 200 <10 
La - <200 - - 3 - -
Ce - M 3 - 2 - -
Pr - <500 - - 2 - -
Nd - <500 M <500 10 - -
Sra - - - <200 1 - -
Eu - - - <10 5 - -
Gd - - 20 M 5 - -
Tb - - 1 <500- 5 - -
Dy - - 6 <500 M <100^ -
Ho - 100 10 <600C 20 <50c -
Er - - 6 - 15 M 100 
Tm - - 3 - .3 <10 <50 
Yb - - - - - — <<100 
Lu - - 4 - <3 <200c M 
^Also Mn, .3 ppm and Co, .2 ppm. 
^Also Na, .7 ppm; P, 2 ppm; S, Trace; Cl, 1 ppm; K, .5 
ppm; Ti, Trace; V, Trace; Mn, .4 ppm; Co, Trace; Ga, 1 ppm; 
Th, 1 ppm; and U, 1 ppm 
^Interference in determination. 
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atmosphere. The stainless steel crucibles were put into a 
rocking furnace and subjected to a series of heat treatments. 
In the initial heat treatment the magnesium was melted, the 
rare earth was taken into solution and then the solution was 
homogenized. For magnesium-rich alloys the initial heat treat­
ment consisted of heating the stainless steel crucibles to 
250°C above the liquidus temperature of the alloys contained 
therein, holding the crucibles at temperature for two hours in 
a vertical position and eight hours in a rocking position and 
then quenching to room temperature. For alloys with composi­
tions in the middle of the phase diagrams the initial heat 
treatments consisted of heating the crucibles to 100°C above 
the liquidus temperature of the alloys contained therein, 
holding them at temperature for two hours in a vertical posi­
tion and eight hours in a rocking position and then quenching 
them to room temperature. The initial heat treatment for 
lanthanon-rich alloys consisted of heating the crucibles to 
1100 C, holding them at temperature for one day in a vertical 
position and two days in a rocking position and then quench­
ing them to room temperature. To insure equilibration all 
alloys were heated to a few degrees below their respective 
transformation temperatures, held at temperature for 4-5 days 
and then cooled to room temperature. 
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In order to minimize effects due to surface depletion of 
magnesium during the measurement of the vapor pressures, the 
alloys were powdered and screened through 80-mesh screens, 
thereby producing samples with large amounts of surface area. 
The powdered alloys were put into quartz tubes which were sub­
sequently sealed under vacuum and annealed in a muffle furnace 
at 300°C for several days. Debye-Scherrer X-ray patterns of 
the annealed powders were taken and only equilibrium phases 
were detected in the powdered alloys. 
Apparatus and Vapor Pressure Measurement 
A Knudsen effusion technique (46) was employed to measure 
the vapor pressure of magnesium over a series of two-phase 
alloys in the cerium-, neodymium-, gadolinium-, dysprosium-, 
erbium-, and lutetium-magnesium systems. A schematic repre­
sentation of the apparatus with which the measurements were 
made is shown in Figure 5. The apparatus was built and 
described in detail by Smythe (47) and modified by Christian 
(48). Several modifications were incorporated during this 
investigation to allow better control of both the sample tem­
perature and the current passing through the coil, C. The 
coil current was supplied and controlled by a series circuit 
containing a 2 volt Willard low discharge battery, a 0-1,000 
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Figure 5. Vapor pressure apparatus 
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ohm Helipot potentiometer, four 0-500 ohm Helipot potenti­
ometers, a 0-100 ohm Helipot potentiometer, a 0-25 ohm Helipot 
potentiometer, a 0-50 D. C. milliammeter, a 5 ohm standard 
resistor and a dead center reversing switch. The standard 
resistor was the same one described by Smythe (47). The sam­
ple temperature was automatically controlled within + 0.5°C 
by a West Controller Unit which controlled the A. C. voltage 
input to the resistance furnace, F. The temperature sensing 
device for the West Controller was a #22 B&S gauge chromel-
alumel thermocouple placed between the furnace core and the 
outside of the furnace tube, S, at sample height. 
In the Knudsen effusion method a vapor in equilibrium 
with a condensed phase is allowed to escape from an effusion 
cell through a small orifice into a high vacuum region. If 
solid-vapor equilibrium exists and if the molecules in the 
vapor are unaffected by the presence of the aperture, then 
molecular effusion will be the means of escape rather than 
hydrodynamic flow. Knudsen (46) in his study of the kinetic 
theory of gases found that for the case of molecular effusion 
the pressure, P, of the vapor in the cell is given by the 
relation: 
P (dynes/cm^) = /2nRT 
A At V M 
or 
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P(mm Hg) = 17" 14 ^ 1^ (6) 
A At V M 
where A is the orifice area in cm^, Am/At is the rate of mass 
loss from the effusion cell in grains/sec, R is the gas con­
stant, 8.314 X 10^ dyne-cm/mole deg,T is the temperature in °K 
and M is the molecular weight of the effusing species in grams. 
Speiser and Johnson (49) have shown that if the effec­
tive surface area of the sample is much greater than the ori­
fice area the random loss of molecules in the vapor through 
the orifice does not effect the solid-vapor equilibrium in the 
container. The upper limit for vapor pressures measured by 
this method is about 10 ^ mm Hg. For vapor pressures above 
this limit the mean free path of the effusing species rapidly 
approaches a value which is less than ten times the orifice 
diameter and hydrodynaûîic flow is prevalent. A lower effec­
tive limit for vapor pressures measured by this method is set 
at 10"^ mm Hg. Vapor pressures lower than this limit could 
not be measured with any reproducibility because of the 
greatly reduced effusion rates at these pressures and because 
of the difficulty in achieving the required vacuum for the 
system at these pressures since it was empirically observed 
during this investigation that in order to get reproducible 
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results the vacuum system had to be maintained at, at least, a 
factor of 10~^ lower than the vapor pressure being measured. 
During this investigation the upper vapor pressure limit was 
approached in the vapor pressure measurements on both pure Mg 
and magnesium-rich alloys and therefrom a question arises as 
to the reliability of the data taken in this region. Since 
the data which were obtained in this region were in agreement 
with the vapor pressure trends established at lower pressures 
the high pressure data were considered as being reliable and 
therefore retained. 
The measurement of the weight loss of the tantalum effu­
sion cell due to the escaping vapor was determined directly 
with a quartz fiber microbalance, B, constructed by A. H. 
Daane and similar to one described by Edwards and Baldwin (50). 
For each temperature of measurement the balance was brought to 
a null point at time zero and after each of a number of speci­
fied time intervals. The null position was observed with a 
Gaertner Scientific microscope equipped with cross hairs . The 
weight loss of the effusion cell during any time interval was 
determined from the difference in the potential drops across 
the standard resistor for the null position at the beginning 
and end of the time interval. The potential drop across the 
standard resistor was measured with a Leeds and Northrup Type 
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K-3 potentiometer. The balance was calibrated with a series 
of National Bureau of Standards type M weights. The balance 
calibration for one torsion fiber was 0.39750 tng/mv; other 
torsion fibers with torsion constants of similar magnitude 
were also used. For a given fiber the calibration was found 
to be constant over the range of loading in the vapor pressure 
determinations. A linear least-squares analysis was used to 
find the slopes, Am/At of the plots of mass loss as a function 
of time. The values of Am/At were subsequently inserted in 
Equation 6 in order to evaluate the vapor pressures. The 
sample was allowed to lose 0.3 to 3.0 mg of vapor for the 
determination of each vapor pressure point. By reversing 
the direction of the coil current a total of 120 mg in sample 
weight could be accumulated during a run before the tare 
weight of the balance had to be changed. 
The sample temperature was determined with a #22 B&S 
gauge chromel-alumsl thermocouple and a Leeds and Northrup 
type K-3 potentiometer. The thermocouple was previously cal­
ibrated against the melting points of zinc and dry NaCl. 
Axial temperature gradients in the furnace tube, S, were 
tested for but none were found. Previous tests which com­
pared the temperature determined by a thermocouple in the 
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thermocouple well, T, with the temperature determined by a 
thermocouple placed in the inside of the furnace tube just 
slightly above the thermocouple well indicated that reliable 
sample temperatures were obtained. 
The sample was contained in a Knudsen effusion cell made 
out of tantalum; no reaction whatsoever was observed between 
the samples and the tantalum cell. The lid of the cell was 
made from 3 mil tantalum sheet and was subsequently attached 
to the tantalum bucket by a gas-tight crimp seal. Effusion 
orifices were drilled in the lids and then reamed and bur­
nished to a knife edge to avoid the need for Clausing correc­
tions (51). The orifice areas were determined with a Bausch 
and Lomb metallographic microscope equipped with a Filar eye­
piece which had been calibrated against a stage micrometer. 
Orifice diameters in the lids ranged from .025 to .040 inches. 
In all cases, the values of the measured vapor pressure were 
found to be independent of orifice size. 
For vapor pressure measurements over binary alloys a 
question arises as to what is the effusing species. Since the 
vapor pressure of magnesium exceeds the vapor pressure of the 
lanthanons by more than a factor of 100 the effusing species 
in the present investigation was considered to be totally 
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magnesium. To verify this the condensed effusate was period­
ically washed from the inner walls of the Knudsen apparatus 
with HCl and the washings were analyzed spectroscopically for 
magnesium and the lanthanon elements. This analysis indicated 
that at best only faint traces of the lanthanons were present 
compared to magnesium, thereby substantiating the assumption 
that the effusing species was totally magnesium. 
Initial vapor pressure data for the majority of the 
alloys measured in the apparatus indicated that in addition 
to the two equilibrium phases detected by X-ray analysis 
there were also trace amounts of a third more magnesium-rich 
phase present. For example, in the Ln5Mg24-LnMg3 alloys 
magnesium solid solution was present; in the LnMg3-LnMg2 
alloys Ln5Mg24 was present; etc. This inference was drawn 
from the fact that initially the vapor pressure for one of 
these alloys was identical to the vapor pressure for the equi­
librium between the unwanted phase and the more magnesium-
rich of the two equilibrium phases. Next, after subliming 
off some of the magnesium at a given temperature the value of 
Am/At was found to decrease with time. This was interpreted 
to mean that the unwanted phase was being depleted and was no 
longer in equilibrium with the magnesium-rich equilibrium 
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phase. Finally Am/At was found to again stabilize, independ­
ent of time at fixed temperature, and thereafter vapor pres­
sure data taken at random temperatures were such that values 
of logiQ? when plotted as a function of 1/T fell on a straight 
line, this linear plot being indicative of the equilibrium 
between the two wanted phases. The presence of the third 
more magnesium-rich phase in a majority of the alloys under 
investigation is not totally unreasonable when the number of 
peritectic reactions present in each of the lanthanon-
magnesium systems is considered. 
In several cases it was necessary and desirable to 
obtain vapor pressure data in two adjacent two-phase regions 
from a sample which originally contained only the phases in 
the more magnesium-rich two-phase region. Essentially, vapor 
pressure data were obtained for the equilibrium between mag­
nesium vapor and the phases in one two-phase region, the most 
magnesium-rich phase was removed by driving off excess mag­
nesium and then vapor pressure data were obtained for the new 
equilibrium between magnesium vapor and the phases in the 
other two-phase region. Both equilibrium conditions were 
indicated by a linear plot of log^gP versus 1/T for the vapor 
pressure data measured at random temperatures. Data which 
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were obtained in this way were found to be as reliable as 
data which were obtained from alloys which originally con­
tained the phases present in the two-phase region in question. 
Accuracy and Precision 
This section has been divided into two parts. The first 
part is a determination of the uncertainty in the data for a 
particular temperature and two-phase region while the second 
part is an estimate of the reliability of the data which are 
obtained with the apparatus. 
The uncertainty in the data which has been reported for 
a particular two-phase region and temperature can be deter­
mined by means of a standard differential error technique (52). 
Since the measured vapor pressure is only a function of the 
orifice, A, the slope of the mass loss versus time plots. 
Am/At, and the temperature, T, the calculation of the uncer­
tainty in any measured vapor pressure, P, can be made if the 
uncertainty in the measurement of each of these variables is 
known. In the present investigation the orifice area had a 
maximum uncertainty of + 1%; temperature fluctuations amounted 
to as much as + .2%; and the uncertainties in Am/At varied 
depending upon at what temperature and in what two-phase 
region data were being taken, but were of the order of + 2%. 
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Combination of these random uncertainties indicated that any 
given vapor pressure should be measurable to +3%. 
In order to estimate the reliability of the data which 
were obtained with the apparatus the vapor pressure of magne­
sium was measured and then the result of this measurement was 
compared with the results reported by other investigators. 
In this investigation the vapor pressure of magnesium was 
measured over the temperature range 615-823°K. The experi­
mental values are given in Table 12 and a graphical represen­
tation of the data (logigP vs. 1/T) is shown in Figure 6. 
The standard enthalpy of sublimation of magnesium at 298°K, 
^^298» calculated for each experimental point from the 
measured vapor pressures and from the free energy functions, 
F1J-H298/T, for both the vapor and condensed phases using the 
following relationship (44): 
AH2Q8 - T 
^ ^F^(c)-H2gg(c)^ 
T \ T y y T j (7) 
where AF^/T = -RTlnP and (v) and (c) refer to the vapor and 
condensed phases, respectively. For each temperature of 
measurement values of the free energy functions for both the 
vapor and condensed phases were obtained by interpolating 
between the values of the respective free energy functions 
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Table 12. Vapor pressure data and 98 values (third law 
method) for solid magnesium 
Temperature 10^/T -log|^QP(torr) 
( (°K"1) (kcal/mole) 
823.0 1.215 0.558 35.311 
813.0 1.230 0.648 35.228 
812.0 1.232 0.656 35.215 
801.0 1.248 0.758 35.124 
795.5 1.257 0.859 35.254 
789.0 1.271 0.911 35.162 
787.0 1.267 0.890 34.998 
783.0 1.277 0.998 35.214 
774.0 1.290 1.065 35.053 
770.0 1.299 1.092 34.973 
763.0 1.311 1.201 35.043 
760.5 1.315 1.251 35.102 
750.0 1.333 1.354 34.982 
738.0 1.355 1.524 35.009 
736.0 1.359 1.548 34.997 
726.0 1.377 1.668 34.928 
717.0 1.395 1.830 35.036 
714.0 1.401 1.848 34.949 
706.0 1.416 1.958 34.922 
700.0 1.429 2.062 34.963 
689.0 1.451 2.231 34.955 
686 JJ 1.458 2.279 34.956 
676,0 1.481 2.450 34.985 
676.0 1.481 2.419 34.886 
675.0 1.481 2.417 34.830 
665.0 1.504 2.640 35.000 
656.0 1.524 2.770 34.924 
642.0 1.558 3.047 35.002 
640.5 1.561 3.060 34.961 
615.0 1.626 3.490 34.797 
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given at 100°K intervals by Stull and Sinke (53). Values of 
which have been calculated by this third law method are 
also given in Table 12. The average value of AH^gg for this 
investigation is 35.025 + .023 Kcal/mole. Hultgren ^  al. 
(43) have reported a selected value of 35.000 + .300 Kcal/ 
mole in their third law test of 16 independent vapor pressure 
determinations for which either a Knudsen, Transport or Boil­
ing Point Method was employed. The good agreement between 
these two values substantiates the reliability of the data 
which are obtained with the apparatus. 
The magnesium vapor pressure data were also treated in a 
manner described by Darken and Gurry (42) wherein a sigma 
function,is defined in terms of AHq and I, the intergra-
tion constants which arise from the integrals ^ACp dT and 
^d(AG"/T), respectively; 
E=AHo+I (8) 
Values for the sigma function were obtained for each experi­
mental point by using the following relation: 
E^g(T) = -4.575 logP°(T) - 2.694 lo^ - (0.75xl0"^)T + 
(0.39X105)T"2. (9) 
where P°(T) represents the measured vapor pressure at a given 
temperature T and the numerical constants are based upon the 
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heat capacity data for solid magnesium tabulated by Kelley 
(54) Cp(s) = 6.14 + (1.50x10"3)t - (0.78xlo^)t-2 and a heat 
capacity for gaseous magnesium of 4.97 which assumes that the 
vapor behaves like an ideal monatomic gas. A plot of the 
sigma function versus reciprocal temperature for the magnesium 
vapor pressure data of this investigation is shown in Figure 
7. A linear least squares analysis was used to evaluate the 
slope,AHq,and the intercept, I, of the plot. Values which were 
obtained from this least-squares fit were AHq = 34516 + 
166 and I = -34.796 + .230. Subsequent evaluation of AH^gg 
using these empirical constants yielded a value of 33.838 + 
.030 Kcal/mole. 
The reason for the lack of agreement between the values 
of AH298 determined by the third law and sigma methods respec­
tively is not known. Speculation can be made as to the com­
patibility of the sets of log^gP vs. 1/T and vs. T data 
which were employed in the calculation of AH^gg by the sigma 
method with respect to the purity of the magnesium being 
measured. Third law and sigma treatments of Smythe's data 
(47) for the vapor pressure of pure magnesium yielded values 
of 35.117 + .093 Kcal/mole and 34.578 + .409 Kcal/mole respec­
tively for AH^gg. Both Smythe's and the present sets of data 
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show a trend to lower values of AH^gg for the sigma method, 
thereby indicating that there may be some inherent inconsist­
encies between log^gP vs. 1/T and the present high temperature 
data for Cp vs. T (54). For comparison Smythe's data are 
represented in Figures 6 and 7. 
Even if there is not better agreement between the 
values determined by the third law method and a sigma method 
with future data the reliability of the vapor pressure data 
and subsequent thermodynamics of formation which were deter­
mined for the various rare earth-magnesium alloys should not 
be affected because: 1. values of AH^gg and AS^gg correlate 
o 
in such a manner that AG2gg values for this investigation were 
in good agreement with those of other investigators (44,55, 
56); and 2. any systematic errors inherent in the measurement 
of the vapor pressure of magnesium over pure magnesium would 
tend to be cancelled by similar systematic errors in the meas­
urement of the vapor pressure of magnesium over the rare 
earth-magnesium alloys. 
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EXPERIMENTAL RESULTS 
The vapor pressure of magnesium was determined over a 
series of binary alloys of magnesium with cerium-, neodymium-, 
gadolinium-, dysprosium-, erbium-, and lutetium. In addition, 
the vapor pressure of magnesium over pure solid magnesium was 
determined. The present vapor pressure data for pure solid 
magnesium are tabulated in Table 12 and graphically repre­
sented in Figure 6. The vapor pressures which were measured 
over the cerium-, neodymium-, gadolinium-, dysprosium-, 
erbium-, and lutetium-magnesium alloys are summarized in the 
tables of the Appendix and graphically represented (logiQ? 
(torr) versus 1/T) in Figures 8, 9, 10, 11, 12, and 13, re­
spectively. Alloy compositions in these figures and the 
Appendix tables have been enclosed in parentheses to indicate 
those alloys which were used to obtain vapor pressure data in 
a second two-phase region. This was accomplished by depleting 
the magnesium content through volatilization. The 55 at.% Gd, 
78 at.% Dy and 55 at.% Er alloys of this investigation were 
also employed by Ogren, Magnani, and Smith (24) in their vapor 
pressure measurements. Only one alloy was employed to obtain 
data for the CeMg-Ce(»,s.s.) two-phase region in this investi­
gation because the vapor pressures determined over this alloy 
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Figure 11. The vapor pressures over the dysprosium-magnesium 
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Figure 12. The vapor pressures over the erbium-magnesium 
alloy system 
55 
o PURE MAGNESIUM 
O 21 AT.%Lu/Lu5Mg24 
A 26 AT. %Lu V-LuMgj 
O (21 AT.%Lu)/LuMg2\ 
V 37 AT %Lu l-LuMg / 
+ (37 AT%Lu)/LuMg \ 
0 (42 AT%LU)ULU{SS) 
0.00 
0.50 
.00 
.50 
E 2.00 
I 2.50 
3.00 
3.50 
4.00 
1.2 1.3 1.4 1.5 1.6 1.7 
10^/ TCK) 
Figure 13. The vapor pressures over the lutetium-magnesium 
alloy system 
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were in excellent agreement with the vapor pressure data re­
ported by Ogren, Magnani and Smith (24) for the Scune region. 
For this reason, a combination of the two sets of data (cf. 
Table 26) were used for the subsequent determination of the 
thermodynamics of formation of the cerium-magnesium compounds. 
In accordance with standard thermodynamic practice the 
vapor pressure data for each two-phase region were fitted to 
a linear relation of the type logiQP(torr) = A/T + B, by a 
method of least squares. The least square parameters and 
uncertainties for the linear representation of the vapor 
pressure data as well as the temperature range of measurement 
are given in Table 13 for pure magnesium and each of the two-
phase regions under investigation. Uncertainties associated 
with the slope, A, the intercept, B, and the quantity log^gP 
are those obtained from the least-squares analysis and are 
related to the uncertainties in the enthalpy, entropy and free 
energy of formation, respectively. 
Standard thermodynamics of formation of the compounds in 
the cerium-. neodymium-. gadolinium-j dysprosium-, erbium- and 
lut et ium-magnesium systems were determined by combining (cf. 
Equations 1-5) the appropriate vapor pressure and solubility 
data. Values of these thermodynamic functions at 773°K are 
Table 13. Parameters for the linear representation of measured vapor pressures, 
logioP(torr) = A/T 4- B 
System Over phase region -A B AlogioP Temperature 
range (°K) 
Mg Pure magnesium 7247 + 38 8 .824 + .052 + .023 615.0-823.0 
Ce-Mg Ce( y,s.s.)-Ce(a,s.s.) 8281 + 52 8 .409 + .060 + .004 825.0-911.0 
Ce-Mg CeMg-Ce(ey ,s . s . ) 8766 + 52 9 .032 + .068 + .024 675.0-870.0 
Ce-Mg CeMg2-CeMg 6357 + 170 6 .493 + .187 + .009 892.0-934.5 
Ce-Mg CeMgg-CeMg2 8161 + 118 8 .543 + .131 + .005 890.0-928.0 
Ce-Mg CeMg^-CeMg 8519 + 33 8 .955 + .042 + .022 671.0-886.5 
Ce-Mg Ce^Mg^i-CeMgg 8116 + 47 8 .727 + .064 + .030 654.0-849.0 
Ce-Mg CeMgig'Ce^Mg^i 7467 + 50 8 .440 + .069 + .034 625.5-824.5 
Nd-Mg Nd(g ,s „ s . ) -NdCo-jS .s . ) 7560 + 256 7 .139 + .322 + .017 909.0-934.5 
Nd-Mg NdMg-Nd(«,s.s.) 8787 + 37 8 .848 + .045 + .018 723.0-926.0 
Nd-Mg NdMg2-NdMg 8719 + 27 8 .847 + .018 + .018 700.5-925.5 
Nd-Mg NdMg3-NdMg2 8227 + 37 8, .372 + .045 ±.020 698.0-899.0 
^61og%oP the uncertainty in logio^Ctorr) . 
Table 13. (Continued) 
System Over phase region -A 
Nd-Mg ' "N dgMg^ * '-NdMgg 8152 + 30 
Nd-Mg NdMgi2-"'Nd5Mg4i"' 7461 + 30 
Gd-Mg GdMg-Gd(a/,s. s . ) 9147 + 125 
Gd-Mg GdMg2-G(3Mg 8509 + 46 
Gd-Mg GdMg3-G<3Mg2 8162 + 54 
Gd-Mg "'GdMg4, 5"-GdMg3 7838 + 53 
Dy-Mg DyMg-Dy (a, s . s . ) 8580 ± 175 
Dy-Mg DyMg2-D}/Mg 8530 ± 71 
Dy-Mg DyMg3 -D:/Mg2 8051 ± 64 
Dy-Mg Dy^Mg24"DyMg3 7686 ± 71 
Er-Mg ErMg-ErCa.s.s.) 9570 ± 144 
Er-Mg ErMg2-E]d4g 8477 + 99 
Er-Mg Er5Mg24"ErMg2 7753 + 66 
B AlogiQ?^ Temperature 
range (°K) 
8.612 ± .039 +. 
8.395 + .040 +. 
8.488 ± .149 +. 
8.599 + .057 +. 
8.395 + .070 ±. 
8.631 ± .071 ±. 
7.983 ± .216 ±. 
8.739 + .090 +. 
8.643 + .085 +. 
8.433 ± .096 ±. 
9.526 ± .177 ±. 
9.091 + .129 ±. 
8.635 + .090 +. 
654.5-868.0 
636.5-825.5 
758.5-919.0 
695.0-901.0 
696.5-877.5 
655.5-838.0 
733.0-902.0 
684.5-874.5 
668.0-844.5 
652.0-825.0 
707.5-899.0 
669.0-857.5 
649.5-822.5 
017 
017 
047 
024 
025 
030 
060 
036 
030 
040 
057 
043 
036 
Table 13. (Continued) 
System Over phase region -A B ûlog^o^^ Temperature 
range (°K) 
Lu-Mg LuMg-Lu(a,s.s.) 10986+191 11.238+ .236 +.048 736.0-894.0 
Lu-Mg LuMgg-I'UMg 9106 + 76 10.193 + .100 +.030 667.5-832.0 
Lu-Mg Lu5Mg24-LuMg2 7974+64 9.013+ .087 +.027 644.0-815.5 
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tabulated in Table 14 and may be considered as representative 
of the mid-point of the temperature range of measurement. 
The thermodynamics of formation of the magnesium-rich com­
pounds with questionable stoichiometries in the gadolinium-
and neodymium-magnesium systems were determined on the basis 
of a"GdMg^ and "Nd^Mg^^" stoichiometry, respectively. 
Reasons for selecting these stoichiometries will be presented 
in the Discussion section. 
Table 14. Theirmodynamic functions for the 
compounds 
System Compound 
(kcal/gram-atom) 
Ce-Mg CeMg 3.28 + .15 
" CeMg2 .83 ± .28 
" CeMgçi 4.55 + .14 
" Ce^Mg^i 4.23 + .17 
CeMg]L2 3.29+ .15 
Nd-Mg NdMg 3.34+ .12 
" NdMg2 4.47 + .11 
" NdMg3 4.47 + .10 
"Nd5Mg4i" 4.29 + .13 
" NdMg;L2 3.32 + .12 
Gd-Mg GdMg 4.13 + .30 
" GdMg;) 4.68 + .22 
^1 e.u. = 1 cal/deg. 
formation of lanthanon-magnesium 
"AS°773 -ÛG°773 
(e.u./gram-atom) (kcal/gram-atom) 
1.39 + .20 2.21 + .06 
-1.81 + .62 2.23 + .05 
2.23 + .18 2.83 + .06 
2.12 + .23 2.59 + .08 
1.71 + .20 1.97 + .07 
.99 + .16 2.57 + .05 
1.52 + .14 3.30 + .05 
1.24 + .13 3.52 + .05 
1.39 + .18 3.21 + .06 
1.13 + .15 2.45 + .05 
.12 + .36 4.03 + .09 
.56 + .27 4.24 + .07 
T able 14. (Continued) 
System Compound -yg -
(kcal/gram-atom) (e.u./gram-atom)^ (kcal/gram-atom) 
Gd-Mg GdMg3 4.55 + .18 .55 ± .22 4.13 + .06 
11 
"GdMg4.5" 4.05 + .16 .83 ± .20 3.41 + .06 
Dy-Mg DyMg 2.84 + .41 -1.01 + .51 3.62 + .14 
I I  DyMg2 3.85 + .30 .02 ± .37 3.84 + .11 
I I  DyMg3 3.81 + .24 .43 ± .31 3.48 + .09 
I I  
075^^24 3.25 + .20 .51 ± .26 2.86 + .08 
Er-Mg ErMg 5.09 .34 2.49 ± .42 3.17 + .11 
I t  EiMg2 5.27 + .28 2.89 + .35 3.03 + .09 
I I  Er5Mg24 3.84 + .22 2.27 + .29 2.09 + .09 
Lu-Mg LuMg 8.33 + .45 6.38 + .55 3.40 + .09 
t f  LuMg2 8.39 + .32 7.17 + .41 2.85 + .08 
I t  Lu5Mg24 5.95 + .24 5.32 ± .31 1.84 + .07 
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DISCUSSION 
Inferred Phase Relationships in Lanthanon-Magnesivm Systems 
Although the precise determination of phase boundaries 
and transformation temperatures for the systems under investi­
gation are left to investigations involving conventional 
techniques of phase diagram determination, nonetheless, some 
phase relationships in these systems can be inferred from 
vapor pressure data and free energy versus composition plots 
for these systems. The vapor pressure data for these systems 
are presented in the tables and figures of the Results sec­
tion. The free energy versus composition plots for the 
cerium-, neodymium-, gadolinium-, dysprosium-, erbium- and 
lutetium-magnesium systems at 773°K are given in Figure 14. 
Free energy versus composition plots for the cerium-magnesium 
system at 878°K and for the neodymium-magnesium system at 
300°K and 1073°K are also given in Figure 14. 
Phase relationships indicated by the vapor pressure data 
for the cerium-magnesium alloys are in general agreement with 
those shown in the phase diagram of Figure 2. Limited vapor 
pressure data in the Ce('Y,s.s.)-Ce(a,s.s.) two-phase region 
indicate that the temperature for the eutectoid transformation 
Ce(Y,s.s.) - CeMg + Ce(&,s.s.) is about 505°C. This value for 
Figure 14. Free energies of formation of verium-, neodymium-, 
gadolinium-, dysprosium-, erbium- and lutetium-
magnesium phases as functions of composition 
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the eutectoid temperature is the same as the value reported 
by Joseph and Gschneidner (45) and is in reasonable accord 
with the eutectoid temperature of 490°C which is indicated by 
Figure 2. In Figure 14 it should be noted that although the 
extrapolated value of the free energy of formation of CeMg2 
at 773°K (denoted by the dashed symbol) is negative, CeMg2 is 
not stable with respect to CeMg and CeMgg at 773°K and there­
fore would not be present in an equilibrium alloy at that 
temperature. On the other hand, CeMg2 is stable with respect 
to CeMg3 and CeMg at 878°K and should be present in an equi­
librium alloy at this temperature. These conclusions are con­
sistent with the phase diagram in Figure 2 except that an 
eutectoid temperature of 878°K (605°C) and not 888°K (615°C) 
is indicated by the present data. These values may, however, 
be considered to be in acceptable agreement if the uncertain­
ties in the slope and intercept parameters of the linear 
representation of the CeMg2-CeHg vapor pressure data are 
taken into account. Because of the complexity of the phase 
diagram in the region of the GeMgxo.3 phase it proved imprac­
tical to get vapor pressure data in the CeMgio^-Ce^Mg^i two-
phase region. The series of peritectic horizontals around the 
CeMgio.3 phase, the small composition range of the CeMg^Q 3-
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Ce^Mg^i two-phase region and the restricted temperature range 
of stability of the CeMgio.3 pbase all contribute to the dif­
ficulty of measuring vapor pressure data in the CeMg^o.S" 
Ce^Mg/^2 two-phase region. It would appear, however, that the 
free energy of formation per gram-atom of compound for 
CeMg]^0.3 would be very close to the free energy of formation 
for Ce^g^j^ at temperatures within the temperature range of 
stability of CéMgio.S» 
Examination of the free energy versus composition plots 
in Figure 14 for the neodymium-magnesium system reveals that 
all compounds are stable at 300°K, 773°K and 1073°K except 
NdMg2. This compound is stable at 300°K and 773°K but un­
stable (denoted by the dashed symbol) with respect to NdNgg 
and NdMg at 1073°K. A more detailed examination of the free 
energy curves at temperatures between 773®K and 1073°K 
showed that the temperature limit of stability for NdMg2 is 
about 1013°K (740°C). The free energies of formation of the 
neodymium-magnesium phases at temperatures other than 773°K 
have been evaluated by extrapolating the respective free 
energy representations ÛF° = - T6S°, at 773°K to these 
other temperatures. The behavior of the NdMg2 phase, whereby 
it is stable below 740°C and unstable above 740°C is diametri­
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cally opposed to the behavior of the CeMg2 phase, whereby it 
is stable from 750-615^0 but unstable below 615°C. On the 
other hand, the behavior of the NdMg2 phase does parallel the 
behavior of the LnMg2 phases of the heavier lanthanon-magne-
sium systems, whereby they are stable below a given tempera­
ture and unstable above this same temperature. From these 
conclusions and from the information about neodymium-magnesium 
phase relationships reported in the literature (34) it was 
possible to construct the phase diagram shown in Figure 15. 
In this figure dashed lines have been used to indicate phase 
relationships which are probable on the basis of analogy with 
other lanthanon-magnesium phase diagrams. Limited vapor 
pressure data in the Nd(0,s.s.)-Nd(Q',s.s.) two-phase region 
indicate that the temperature for the eutectoid reaction 
Nd(3js = s.) - NdMg + Nd(cy,s.s.) is about 553°C, thereby sub­
stantiating the eutectoid temperature of 551°C reported by 
Joseph and Gschneidner (45) and delineated in Figure 15. 
Vapor pressure and Debye-Scherrer X-ray data which were taken 
in the present investigation indicate that a NdoMgiy phase 
does not exist below 553°C and that the second most magnesium-
rich phase below 553°C is a compound which appears to have the 
same crystal structure as Ce^Mg^^. Kripyakevich and Evdoki-
menko (17) in their study of the magnesium-rich portion of the 
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system 
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neodymium-magnesium system have also indicated that the 
second most magnesium-rich phase in the neodymium-magnesium 
system has the same crystal structure as Ce^Mg^]^. Thus, in 
the absence of a determination of the exact crystal structure 
and stoichiometry of this phase the thermodynamic functions 
for the formation of this phase were determined on the basis 
of a "Nd^Mgj^^" stoichiometry. 
Phase relationships which were indicated by the vapor 
pressure data for the gadolinium-magnesium alloys are in 
agreement with the phase diagram in Figure 3, however, indi­
cations are that the stoichiometry of the most magnesium-rich 
phase in this system is closer to a Gd5Mg24 stoichiometry 
(17.25 at.% Gd) than the GdMgg stoichiometry (10 at.% Gd) 
which was reported by Burov et al. (21). Kripyakevich and 
Evdokimenko (17) have reported that the stoichiometry of the 
most magnesium-rich phase in the gadolinium-magnesium system 
is GdMg4 5 (18.18 at.% Gd). In the present investigation 
Debye-Scherrer X-ray patterns of the 14 at.% Gd and 19 at.% 
Gd alloys, which were employed in the vapor pressure measure­
ments, showed that the phases present in the 14 at.% Gd alloy 
were the magnesium-rich phase and the magnesium solid solu­
tion while the phases present in the 19 at.% Gd alloy were 
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the magnesium-rich phase and GdMgg. Therefrom, it is con­
cluded that the composition of the magnesium-rish phase is 
between 14 and 19 at.% Gd and hence could have either a 
Gd^Mg2^ or GdMg^ ^ stoichiometry but not a GdKgg stoichiom-
etry. Kripyakevich and Evdokimenko (17) have reported that 
the "GdMg4.5" phase contains about 480 atoms per unit cell 
o o 
(p = 3.48 grams/cm ) and has a lattice parameter of 22.4A. 
They have also reported that this phase has a face-centered 
cubic lattice and a crystal structure which is akin to the 
a-Mn-type structure. Present X-ray data for four distinct 
alloys of 14, 14, 19 and 19 at.% Gd are in agreement with the 
findings of Kripyakevich and Evdokimenko (17). The diffrac­
tion lines which were due to the presence of either the mag­
nesium solid solution or the GdMgg phase were identified and 
abstracted from the X-ray patterns : the remaining lines were 
assumed to be due to the magnesium-rich phase. The ten 
strongest diffraction lines for this phase which appeared in 
all four X-ray patterns could then be indexed on the basis of 
a cubic lattice with a lattice constant of 22.4A. The result-
2 2 2 ing values of h + k +1 and the resulting planes associated 
with these diffraction lines are listed in Table 15. The 
relative intensity of the lines and the d-spacings associated 
with the lines are also given in Table 15. An attempt was 
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Table 15. Debye-Scherrer powder pattern data for "GdMg4^5", 
cubic with a^ = 22.4 A 
Line Relative 
intensity 
d-spacing h2+k2+l2 Planes 
(h,k,i) 
1 M-W 4.55 24 (4.2,2) 
2 S-M 4.30 27 (3,3,3) & (5,1,1) 
3 M 3.07 53 (6,4,1) & (7,2,0) 
4 VS 2.64 72 (8,2,2) & (6,6,0) 
5 w 1.88 144 (8,8,4) 
6 w 1.60 196 (14,0,0) & (12,6,4) 
7 s 1.52 216 (10,10,4) & (14,3,1) 
8 w 1.37 268 (14,6,6) 
9 vw 1.31 294 (17,2,1)(13,10,5) 
(13,11,2) 
10 w 1.22 336 (16,8,4) 
made to index the ten lines as diffraction lines for a 5-24 
0 
structure with a lattice parameter of 11.2A, however, the 
diffraction lines 1,4,5 and 7 in Table 15 were the only lines 
which could be indexed in this manner. In this case the 
planes associated with these four lines are (2,1,1), (4,1,1) 
+ (3,3,0), (4,4,2) and (5,5,2), respectively. Therefrom, it 
is inferred that the magnesium-rich phase in the gadolinium-
magnesium system has a crystal structure which is akin to the 
a-Mn crystal structure, but is not the 5-24 structure of the 
magnesium-rich phase of the heavy lanthanon-magnesium systems. 
Furthermore, the present X-ray data indicate that the mag­
nesium-rich phase has a cubic lattice with a lattice parameter 
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of 22 .kk .  Therefore, in the absence of a determination of 
the exact crystal structure and stoichioraetry of this phase, 
the thermodynamic functions for the formation of this phase 
were determined on the basis of the "GdMg4_5" stoichiometry 
reported by Kripyakevich and Evdokimenko (17). Vapor pres­
sure data which were taken over the alloys in the gadolinium-
magnesium system indicate that there are only four inter­
mediate phases in the gadolinium-magnesium system. These 
phases are "GdMg^^^", GdMgg, GdMg2 and GdMg. The relative 
stability of these phases at 773°K is indicated by the free 
energy versus composition plot for the gadolinium-magnesium 
system in Figure 14. 
Vapor pressure and Debye-Scherrer X-ray data which were 
taken in the present investigation indicate that Dy5Mg24, 
DyMg3, I)yîlg2 and DyMg are the only intermediate phases that 
form in the dysprosium-magnesium system. No evidence was 
found to substantiate the existence of the D>^*îg2-fn compound 
which was reported by Kripyakevich and Evdokimenko (23) to 
have the NaTl type structure. The relative stability of the 
phases in the dysprosium-magnesium system at 773°K is indi­
cated by the free energy versus composition plot for this 
system in Figure 14. 
Vapor pressure and Debye-Scherrer X-ray data which were 
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taken in this investigation indicate that Er5Mg24, ErMg2 + 
ErMg and Lii^Mg2Z^, LuMg2 + LuMg are the only compounds that 
form in the erbium- and lutetitmi-magnesium systems, respec­
tively. The relative stability of the phases in the erbium-
magnesium system is indicated by the free energy versus 
composition plot for this system in Figure 14. The relative 
stability of the lutetium-magnesium phases is indicated by 
the free energy versus composition plot for the lutetium-
magnesium system in Figure 14. 
Comparison of the Present Thermodynamic Data with Existing 
Thermodynamic Data for the Lanthanon-Magnesium Phases 
The free energies of formation of the LnMg phases at 
773°K, (LnMg), which were determined in the present in­
vestigation and the free energies of formation of the LnMg 
phases at 773°K which were determined by Ogren et (24) are 
plotted as a function of atomic number in Figure 16. A com­
parison of these two plots shows that there is a lack of 
agreement between many of the values of AG773(LnMg) which were 
determined by Ogren et (24) and the corresponding values 
of (LnMg) which were determined or estimated by inter­
polation in the present investigation. Indeed, only in the 
cases of the LaMg, CeMg, PrMg and NdMg phases does there 
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appear to be quite good agreement. On the basis of the 
present investigation it would appear that in the remaining 
cases the alloys of Ogren ^  al. (24) were not equilibrium 
two-phase alloys but instead, contained some LnMg2 phase in 
addition to the desired LnMg and Ln(a,s.s.) phases. While 
Ogren ^  (24) did not detect LnMg2 phases in their Debye-
Scherrer X-ray diffraction patterns, such a phase could be 
present in amounts as high as 5-10 volume percent without 
being detected by X-ray diffraction techniques. 
In order to check for the possible presence of LhMg2 in 
the alloys of Ogren et (24) it was assumed that their 
vapor pressure data were representative of the two-phase 
region, LnMg + LnMg2. On the basis of this assumption the 
raw vapor pressure data of Ogren et al. (24) were combined 
with the appropriate values of "Gyyg(LnMg) of this investiga­
tion to yield values of AGyy^(LnMg2). For comparison, these 
values of 22^ the values of AG773(LnMg2) of the 
present investigation have been plotted as a function of 
atomic number in Figure 16. The relatively good agreement 
between the 6Gyy3(LhMg2) values of Ogren et al. (24) and the 
corresponding AG°y2(LhMg2) values of this investigation indi­
cate that an amount of the respective LnMg2 phase was present 
in the samarium-, gadolinium-, terbium-, dysprosium-, holmium-. 
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erbium-, thulium- and lutetium-magnesium alloys of Ogren et 
al. (24). Several alloys of Ogren et (24) which were 
still available were remeasured in the present investigation. 
Initial vapor pressure data for these alloys were indicative 
of the respective LtiMg2-IjnMg equilibriums which were evi­
denced in the present investigation, however, the rapid onset 
of depletion effects and the subsequent substantiation of the 
respective LnMg-Ln(a,s.s.) equilibriums which were evidenced 
in this investigation indicated that the amounts of LnMg2 
present in the alloys of Ogren et al. (24) were quite small. 
In light of the present investigation it appears that any 
discrepancies between the two sets of (lnMg2) values in 
Figure 16 can be attributed to depletion effects which would 
have been manifest if the amount of LnMg2 present in the 
alloys of Ogren ^  (24) was either too small initially to 
establish or too small to maintain the LnMg2-LnMg equilibrium 
that is necessary for the measurement of vapor pressures 
which are assumed to be representative of the LnMg2-LnMg two-
phase region. 
It should be pointed out that the presence of a third 
more magnesium-rich phase in addition to the two desired 
equilibrium phases is not peculiar to the alloys of Ogren ^  
al. (24) as similar phenomena were quite common in the alloys 
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of the present investigation. However, in this investigation 
these third phases were detected and depletion was allowed to 
occur before vapor pressures for the desired equilibrium were 
measured. 
Because of the large deviation between the AG773(PrMg) 
value of Ogren et al. (24) and the AGyygCPdMg) value which 
was obtained by interpolating between the present experimental 
values of AG773(NdMg), the entire set of raw 
vapor pressure data of Magnani (57) were examined. This exam­
ination revealed that in the process of digesting his data, 
Magnani apparently discarded some data which were believed to 
be statistically deviant. Re-evaluation of all of his vapor 
pressure data in light of the present investigation indicates 
that the discarded data were possibly more reliable than the 
retained values since a subsequent determination of the free 
energy of formation of PrMg at 773°K from these discarded 
data yielded a value of 2.33 kcal/gram-atom, a value which is 
in excellent agreement with the present interpolated value of 
AGyyn(PrMg) of about 2=30 kcal/gram-atom. 
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Stability of Lanthanon-Magnesium Phases and Crystal Structures 
An indication of the relative stability of the phases 
with homologous crystal structures can be ascertained from 
plots of the free energy of formation of these phases as a 
function of atomic number. For this purpose, the free ener­
gies of formation of the LnMg phases with both the cubic CsCl 
structure and the free energies of formation of the LnMg2 
phases with both the cubic MgCu2 and hexagonal MgZn2 struc­
tures are plotted as functions of atomic number in Figure 16. 
In addition, the free energies of formation of the LnMgg 
phases with the cubic BiLig structure and the free energies 
of formation of the magnesium-rich phases with various crystal 
structures are plotted as functions of atomic number in Fig­
ure 17. 
It is pertinent to note in Figure 16 that the free energy 
versus atomic number plot for the LnMg phases exhibits a 
double-humped trend. By analogy, the rest of the free energy 
versus atomic number plots would be expected to exhibit simi­
lar trends. Indeed, even the free energy versus atomic number 
curves for the LnMgg and magnesium-rich phases in Figure 17 
exhibit similar trends when the dashed symbols are included. 
The free energy values indicated by these dashed symbols were 
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estimated by employing the stability constraints indicated by 
the free energy versus composition curves in Figure 14 and 
are representative of the most negative free energy of forma­
tion that unstable lanthanon-magnesium phases may have at 
ambient pressures and still remain unstable. It should be 
pointed out that the free energies of formation for these 
phases are expected to be higher than the limiting values 
that are denoted by the dashed symbols. 
One utilization of this free energy trend is in esti­
mating the eutectoid decomposition temperatures for the LaMg2 
and PrMg2 phases. These estimations were made in the follow­
ing manner. First, plots such as those in Figures 16 and 17 
were used to estimate values for the free energies of forma­
tion of the lanthanum- and praseodymium-magnesium phases at 
various parametric temperatures in the range 825-900~K. Next, 
these estimated free energy data were plotted as a function 
of composition for each of the two binary systems. Finally, 
the eutectoid decomposition temperatures for the LaMg2 and 
PrMg2 phases were estimated by employing the stability con­
straints indicated by the free energy versus composition 
curves as shown in Figure 18. The differences between the 
free energies for the LaMg2 and PrMg2 phases and the free 
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energies for the appropriate combination of 1:3 and 1:1 
phases approach zero at 616°C (889°K) and 583°C (856°K), 
respectively, thereby indicating that these temperatures are 
the respective eutectoid decomposition temperatures. The 
eutectoid decomposition temperature for LaMg2 has been meas­
ured and is reported to be 626°C (14), however, the eutectoid 
decomposition temperature for PrMg2, as yet, has not been 
determined. The excellent accord between the estimated and 
reported values for the eutectoid decomposition temperature 
of LaMg2 establishes the credibility of 583°C as the eutectoid 
decomposition temperature for PrMg2 and the credibility of 
the shape of the free energy versus atomic number curves for 
the lanthanon-magnesium phases. 
It is pertinent to note that the general form of the free 
energy trend can be correlated with the model for the filling 
of the 4f level of the lanthanon component. In general, the 
addition of one electron to each of the seven 4f orbitals (the 
case for Ce through Gd) results in an increase in phase sta­
bility, while the addition of a second electron to each of the 
4f orbitals (the case for Tb through Tm) results in a decrease 
in phase stability. The increased stability for the LaMg and 
LuMg phases relative to the 1:1 phases of the respective 
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adjacent lanthanon elements are attributable to the more 
stable empty 4f level configuration of lanthanum and full 4f 
level configuration of lutetium. Therefrom, the inference 
can be made that the unpaired 4f electrons in the lanthanon 
component affect, in some way, the bonding in the lanthanon-
magnesium phases. Some information concerning the influence 
that the 4f electrons might have on bonding in the lanthanon-
magnesium phases may be ascertainable from magnetic data for 
these phases since these magnetic data should give clues as to 
the way the 4f electrons are distributed in each of the lan-
thanon-magnesium phases. Determination of the thermodynamics 
of formation and crystal structures for pseudo-binary phases 
such as (Lax^di_x)Mg, (la^Gd2_^)Mg2 and (La^Gd2_^)Mg2 may also 
be informative if these phases are homogeneous and isostruc­
tural with GdMg, GdMg2 and Gdrigg, respectively. Substitution 
of lanthanum atoms for gadolinium atoms in gadolinium-magnesium 
phases decreases the average number of unpaired electrons per 
lanthanon atom. Thus, a trend to less negative free energies 
and enthalpies of formation with increasing lanthanum content 
would indicate that the unpaired 4f electrons do affect the 
bonding in lanthanon-magnesium phases. It should be noted 
that this may only be true if the effects of atomic size dif­
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ferences and lanthanum-gadolinium interactions on the relative 
stability of a given phase are negligible. 
It should be pointed out that the stability of crystal 
structures in the lanthanon-magnesiura systems has been corre­
lated with radius ratios, ï"Ln/^Mg (17,23,58). Accordingly, 
the MgCu2 structure is stable for ï"Ln/%g — the MgZn2 
structure is stable for ^Ln^^g — 1'125; the BiLig structure 
is stable for ^Ln^^g - 1*122; and the w-Mn structure is 
stable for r^g < 1.125. Thus, information concerning the 
role of atomic size in influencing crystal structure stability 
may be ascertainable if the effect of changes in radius ratios 
could be determined. 
Bridgman (59) in his study of the compressibility of 
solids has indicated that it is highly probable that compress­
ibility is a function of the strength of intra-atomic forces 
and thus a property of the atom. Consequently, one should be 
able to change the radius ratio for a given phase by increas­
ing the pressure if the compressibilities of the elemental 
components of that phase differ from each other. Rough calcu­
lations of radius ratios at 1, 10, 100, 1000, lO'^ and 10^ 
atmospheres pressure have been made using elemental compressi­
bility data compiled by Gschneidner (60). Results of these 
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calculations are shown in Table 16. Predictions of the pres­
sure limits of stability for the MgCu2, MgZn2, Bilig and a-Mn 
crystal structures have been made on the basis of the radius 
ratios in Table 16 and the stability constraints indicated 
by the radius ratios at ambient pressures. These predictions 
are shown in Table 17. It is interesting to note that the 
compressibilities of the light lanthanons (La to Sm) are 
greater than the compressibility of magnesium, while the com­
pressibilities of the heavy lanthanons (Gd to Lu) are less 
than the compressibility of magnesium. Thus, the effect of 
increased pressure on the stability of lanthanon-magnesium 
crystal structures should have several intriguing possibil­
ities if changes in crystal structure are due solely to 
changes in atomic size. For example, Table 17 shows that the 
SiLi^ crystal structurs should bs usstabxlxzsd for ths 
phase when the pressure is greater than 20,000 atmospheres 
and stabilized for the HoMgg phase when the pressure is 
greater than 15,000 atmospheres. In addition. Table 17 indi­
cates that other changes in crystal structure should be 
observable for lanthanon-magnesium phases at experimentally 
attainable pressures (<100,000 atm.). 
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Table 16. Calculated radius ratios, at various 
pressures 
Lanthanon 
Ln 
1 atm 10 atm 
^Ln/^g values at 
10^ atm 10^ atm 10^ atm 10^ atm 
La 1.178 1.178 1.178 1.176 1.165 — — 
Ce 1.141 1.141 1.141 1.139 1.128 1.000 
Pr 1.148 1.148 1.148 1.148 1.143 1.076 
Nd 1.143 1.143 1.143 1.143 1.140 1.136 
Sm 1.132 1.132 1.132 1.131 1.126 1.122 
Gd 1.131 1.131 1.131 1.131 1.134 1.176 
Tb 1.125 1.125 1.125 1.125 1.129 1.169 
Dy 1.122 1.122 1.122 1.122 1.124 1.141 
Ho 1.118 1.118 1.118 1.118 1.121 1.137 
Er 1.112 1.112 1.112 1.112 1.116 1.129 
Tm 1.106 1.106 1.106 1.106 1.109 1.135 
Lu 1.095 1.095 1.095 1.095 1.099 1.121 
Table 17. Predicted pressure limits of stability for the 
MgCu2, MgZn2, Bili^ and a-Mn crystal structures 
in the lanthanon-magnesium systems 
Lanthanon Pressure limits of stability in atmospheres 
Ln for crystal structures 
MgCu2 MgZn2 BiLig a-Mn 
La _-a __b __a __b 
Ce <15,000 >15,000 <20,000 >20,000 
Pr <25,000 >25,000 <30,000 >30,000 
Nd __a __b __a __b 
Sm <25,000 >25,000 . —o. >30,000 
Gd __a __b __a !_b 
Tb >15,000 <15,000 __a <15,000 
Dy >40,000 <40,000 a <40,000 
Ho >60,000 <60,000 >15,000 <60,000 
Er >95,000 <95,000 >50,000 <95,000 
Tm >85,000 <85,000 >50,000 <85,000 
Lu I.b __a I.b __a 
^Stable at pressures less than 100,000 atmospheres. 
Not stable at pressures less than 100,000 atmospheres. 
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Another way to change the effective radius ratio is to 
substitute smaller or larger lanthanon atoms for the lantha-
non component in a given phase. Thus, if changes in crystal 
structure are due solely to changes in lanthanon atom size 
then substituting smaller atoms in, for example, a GdMg2 
phase should change the crystal structure of that phase from 
MgCu2 to the MgZn2 structure. Also, substituting larger atoms 
for holmium atoms in a hoImium-magnesium alloy containing 25 
at.7o Ho and 75 at.% Mg should stabilize the BiLig crystal 
structure. 
If, in the case of LnMg phases, one considers size fac­
tors in terms of volumes (cf. Figure 19) one notes that the 
sign of the AV's for the formation of the LnMg phases changes 
in the vicinity of gadolinium. This correlates with the 
stability trend indicated by the free energy versus atomic 
number curve in Figure 16 for the LnMg phases in that the 
stability trend is reversed at gadolinium, thereby implying 
that some aspect of the bonding interaction changes at gado­
linium. The volumes plotted in Figure 19 were determined in 
the following manner. Elemental volumes of the rare earths in 
their appropriate allotropie forms were computed from the 
lattice parameters compiled by Gschneidner (14), volumes per 
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unit cell for the LnMg phases were computed from the lattice 
parameters of these phases in Table 3 and changes in volume 
upon phase formation were computed from a combination of the 
two sets of volume parameters. 
Furthermore, the large negative values for the enthalpy 
of formation of ErMg and LuMg, -5.09 and -8.33 kcal/gram-atom, 
respectively, and the corresponding large negative values for 
the entropy of formation of ErMg and LuMg, -2.49 and -6.38 
e.u./gram-atom, respectively, indicate that there are much 
stronger near-neighbor interactions between the lanthanon and 
magnesium atoms in these phases than in the other LnMg phases 
of the present investigation. From this behavior and from the 
fact that the volumes per unit cell of the LnMg phases de­
crease smoothly and monotonically with increasing atomic num­
ber it is inferred that the volume available for magnesium 
atom occupancy in the LnMg phases decreases with increased 
atomic number. Hence, by this reasoning the large negative 
enthalpies of formation of the ErMg and LuMg phases presage 
the absence of the BiLi^-type structure beyond Dy, since the 
BiLig-type structure is believed to have bonding interactions 
similar to those in the LnMg phases. 
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Stability of Lanthanon-Zinc, Lanthanon-Cadmium and 
Lanthanon-Mercury Phases and Crystal Structures 
If the conclusions which have been made in the present 
investigations regarding the stability of the lanthanon-magne-
sium phases and crystal structures are correct then they 
should have some relevance to the problem of phase and crystal 
structure stability in the lanthanon-zinc, lanthanon-cadmium 
and lanthanon-mercury systems. First, if the double-humped 
trend of the free energy versus atomic number plots for the 
lanthanon-magnesium phases is a consequence of the affect that 
unpaired 4f electrons have on bonding in these phases then the 
free energy versus atomic number plots for the phases in the 
lanthanon-zinc, lanthanon-cadmium and lanthanon-mercury 
systems should exhibit a similar trend. Indeed, in Figure 20 
a comparison of the trends exhibited by the plots of the 
available LnMg, LnZn (61,62,63) and LnCd (64) free energy data 
as functions of atomic number indicates that the free energy 
trends for the LnZn and LnCd phases have the general form of 
the LnMg free energy trend. On this basis, it may be fruitful 
to remeasure the free energy of formation for the SmCd, GdCd 
and TbCd phases. In addition, the free energies of formation 
of all the phases in the lanthanon-zinc, lanthanon-cadmium 
87b 
E o 
E 
S Ol 
Ô u 
0.00 
-1.00 
-2.00 
-3JOO 
-4.00 
- -5.00 
ro N 
o N  O 
-6.00 
-700 
-8.00 
$ 
XT 
oLnMg (PRESENT INVESTIGATION) 
+ LnMg{OGREN etaL (24)) 
A LnCd ( REF (64) ) 
• LnZn (CHIOTTI a MASON (61,62,63) )' 
1 A-^ 
/ \ 
\ 
.—•A 
57 59 61 63 65 67 69 7! 
Lo Ce Pr Nd(Pm)SmEu Gd Tb Dy Ho Er Tm Yb Lu 
ATOMIC NUMBER 
Figure 20. Free energies of formation of LriMg, LnZn and LnCd 
phases as functions of the atomic number of the 
lanthanon component 
88 
and lanthanon-mercury systems should be measured. 
Second, if changes in the crystal structure of lanthanon-
magnesium phases with increasing atomic number are due to 
changes in the atomic size of the lanthanon component then 
changes in the crystal structure of lanthanon-zinc, lanthanon-
cadmium and lanthanon-mercury phases should also be due to 
changes in atomic size of the lanthanon component. Thus, it 
might be possible to affect the stability of the lanthanon-
zinc, lanthanon-cadmium and lanthanon-mercury crystal struc­
tures by either increasing the pressure or by selectively 
substituting smaller or larger lanthanon atoms for the lan­
thanon component atoms in a given phase. 
Third, it is pertinent to note in Tables 18, 19, 20 that 
the phases in the lanthanon-zinc, lanthanon-cadmium and 
lanthanon-mercury systems have different stoichiometries and 
crystal structures than those of the lanthanon-magnesium 
phases. These differences also appear to be due to differ­
ences in atomic size, however, in this case it is the differ­
ences in the size of the non-lanthanon component atom which 
affects the stability of competing crystal structures. The 
C.N. 8 metallic radii for magnesium, mercury, cadmium and zinc 
have been reported by Laves (65) to be 1.57A, 1.52A, 1.49A 
Table 18. Phases and crystal structures which have been 
reported for binary lanthanon-zinc alloys 
(after Bruzzone et ad. (66)) 
Ln LnZn LnZn2 LnZng LnaZnii LnZn^ Lni3Zn58 
La CsCl CeCu2 LaZn4 
Ce CsCl CeCu2 CeZng LagAlii Gdi3Zn58 
Pr CsCl CeCug YZng LasAlii GdigZn^g 
Nd CsCl CeCu2 YZng LasAlii GdisZnss 
Sm CsCl CeCu2 YZng LasAlii Gdi3Zn58 
Gd CsCl CeCu2 YZng LasAlii GdiaZnss 
Tb CsCl CeCu2 YZng LasAlii GdiaZnss 
Dy CsCl CeCu2 YZng LagAlii GdisZnss 
Ho CsCl CeCu2 YZng GdigZn^g 
Er CsCl CeCu2 YZng Gdi3Zn58 
Tm CsCl GeGu2 
—"3 G<ii3^"58 
Lu CsCl CeCu2 YZng Gdi3Zn58 
^Neodymium- and samarium-zinc phases reported to have 
about 1:11 stoichiometry and SraZnx2 crystal structure. 
^Phases reported to have about 1- 5 stoichioinetfy and 
rhorabohedral crystal structure. 
90 
LnZn^ Ln2Zn22 Ln2Zni7 LnZnii LnZn]^2 LnZn]_3 
CâZn^ Ce3Zn22 Th2Zni7 BaCdii NaZn]^3 
CaZng Ce3Zn22 BaCdii 
Ce3Zn22 Th2Nii7 BaCdii 
Ce3Zn22 Th2Nii7 BaCdii^ 
Ce3Zn22 Th2Nii7 _.a ThMn22 
Ce3Zn22 Th2Nii7 ThMnx2 
Th2Nii7 ThMni2 
Th2Nii7 ThMn]_2 
__b 
Th2Nii7 ThMn%2 
__b 
Th2Nii7 ThMni2 
__b ThvNii? TuMni 2 
__b Th2Nii7 TbMn]^2 
Table 19. Phases and crystal structures which have been reported for binary 
lanthanon-cadmium alloys 
Ln LnCd LnCd2 LnCdg Ln2Cdg LnCdg LnCd^^ 
La CsCl (22) Cdln2 (67) BaHgii (14) 
Ce CsCl (22) Cdln2 (67) BiLig (68) Ce^Cdg (69) YCd^ (70) BaHgii (14) 
Pr CsCl (22) Cdln2 ( 67 )  YCde (70) BaHgii (14) 
Nd CsCl (22) Cdln2 (67) YCde (70) BaHgii (14) 
Sm CsCl (22) Cdln2 (67) YCdg (70) BaHgii (14) 
Gd CsCl (22) Cdln2 (67) YCdg (70) 
Tb CsCl (22) Cdln2 (67) YCd6 (70) 
Dy CsCl (22) Cdln2 (67) YCdg (70) 
Ho CsCl (22) Cdln2 (67) YCdg (70) 
Er CsCl (22) Cdln2 (67) YCd6 (70) 
Tm CsCl (22) Cdln2 (67) YCd6 (70) 
Lu CsCl (22) Cdln2 (67) YCd^ (70) 
Table 20. Phafies and crystal structures which have been reported for binary 
lanthanon-mercury alloys 
Ln LnHg LnHg2 LnHgg LnHg^ Ln5Hg2i 
La CsCl (22) Cdln2 (67) MggCd (14) 8-brass (72) 
Ce CsCl (22) Cdln2 (67) MggCd (14) 0-brass (72) Ce5Hg2i (73) 
Pr CsCl (22) Cdln2 (67) Mg3Cd (14) 3-brass (72) 
Nd CsCl (22) Cdln2 (67) jMggCd (14) 3-brass (72) 
Sm CsCl (22) Cdln2 (67) MggCd (14) 3-brass (72) 
Gd CsCl (22) Cdln2 (67) MggCd (71) f3-brass (72) 
Tb CsCl (22) CdXn2 (67) Mg3Cd (71) 3-brass (72) 
Dy CsCl (22) Cdln2 (67) MggCd (71) 
Ho CsCl (22) Cdln2 (67) MggCd (71) 
Er CsCl (22) (67) Mg^Cd (71) 
Ttn CsCl (22) __a (67) MggCd (71) 
Lu CsCl (22) (67) MggCd (71) 
^oes not have this crystal structure or does not exist. 
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and 1.34A, respectively. Therefore, it is not surprising 
that many high coordination crystal structures are stable for 
the lanthanon-zinc phases since the relatively smaller size 
of the zinc atoms allows them to be accommodated around the 
larger lanthanon atoms and thus fulfill the condition of high 
coordination. Also, it is not surprising that the stable 
crystal structure for the 1:1 phases in the lanthanon-zinc, 
lanthanon-cadmium and lanthanon-mercury systems is also the 
CsCl crystal structure, since this structure is known to occur 
over a wide range of radius ratios (58). Albeit, additional 
information concerning the role of atomic size in influencing 
crystal structure stability may be ascertainable if larger or 
smaller Group II atoms are substituted for the Group II com­
ponent atoms of a phase in a given system. For example, if 
atomic size is the sole factor controlling crystal structure 
stability it may be possible to destabilize many of the high 
coordination lanthanon-zinc crystal structures by substituting 
cadmium atoms for some of the zinc atoms in these phases. 
Also, it may be possible to stabilize the Cdln2 crystal struc­
ture for the LnMg2 phases if cadmium atoms are substituted for 
some of the magnesium atoms in these phases. 
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SUMMARY 
A Knudsen effusion technique was employed to measure the 
vapor pressure of magnesium over a series of two-phase alloys 
of magnesium with cerium, neodymium, gadolinium, dysprosium, 
erbium and lutetium. The thermodynamic functions associated 
with the formation of the phases in these systems were deter­
mined from the vapor pressure data. Free energies of forma­
tion for phases with homologous crystal structure were 
observed to exhibit a double-humped trend with increasing 
atomic number. This trend is not understood but does corre­
late with the model for the filling of the 4f level in the 
lanthanon component, thereby implying an influence by the 4f 
electrons on bonding in lanthanon-magnesium phases. Estima­
tions of the decomposition temperatures for the CeMg2, LaMg2 
and PrMg2 phases have been made. Free energies of formation 
of phases in other lanthanon-magnesium systems have been 
approximated. 
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Table 21. Vapor pressure data for the CeMgi2-Ce5Mg4i two 
phase region 
Composition 
at.% Ce 
Temperature 
(OR) 
lO^/T 
(OR-l) 
-logioP(torr) 
9 824.5 1.213 0.636 
I f  821.5 1.217 0.637 
f t  805.0 1.242 0.836 
M  802.0 1.247 0.845 
M  784.0 1.276 1.085 
I I  783.0 1.277 1.086 
I I  775.0 1.290 1.245 
I I  764.0 1.309 1.335 
I I  763.0 1.311 1.311 
I I  754.0 1.326 1.473 
11 743.5 1.345 1.635 
I I  743.5 1.345 1.554 
I I  730.0 1.370 1.795 
I I  719.0 1.391 1.914 
r i  713.5 1.402 2.029 
I I  707.5 1.413 2.086 
I I  696.0 1.437 2.285 
I I  684.0 1.462 2.499 
I I  666.5 1.500 2.782 
I I  661.0 1.512 2.861 
I I  650.0 1.538 3.025 
I I  630.0 1.587 3.532 
I I  625.5 1.599 3.392 
10 813.0 1.230 0.766 
I I  794.0 1.259 0.975 
I I  793.5 1.260 0.948 
I I  774.5  1.291 1.185 
I I  762.5 1.312 1.354 
I I  751.5 1.331 1.531 
n 732.0 1,366 1.774 
r i  724.5 1.380 1.871 
M  702.0 1.425 2.183 
I I  678.5 1.474 2.556 
I I  655.0 1.527 2.989 
I I  655.0 1.527 2.938 
I I  636.0 1.572 3.357 
I I  632.0 1.582 3.322 
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Table 22. Vapor pressure data for the CegMg^i-CeMgg two-phase 
region 
Composition Temperature lO^/T -logioP(torr) 
at.% Ce (°K) 
14 845.0 1.183 0.874 
ri 825.0 1.212 1.081 
ti 805.0 1.242 1.304 
M  795.0 1.258 1.528 
M  784.0 1.275 1.602 
I t  774.0 1.290 1.783 
I t  766.0 1.306 1.834 
I I  766.0 1.306 1.820 
I I  753,5 1.327 2.078 
t t  746.5 1.340 2.156 
11 723.0 1.383 2.515 
I t  714.0 1.401 2.598 
I I  696.0 1.437 2.929 
fl 688.0 1.454 3.026 
I t  676.5 1.478 3.255 
fl 671.0 1.490 3.375 
I I  665.0 1.504 3.473 
I t  654.0 1.591 3.670 
19 849.0 1.178 0.836 
I I  849.0 1.178 0.849 
t t  829.0 1.206 1.025 
I I  810.0 1.235 1.317 
I I  790.0 1.266 1.572 
I I  781.5 1.280 1.707 
I I  768.0 1.302 1.821 
I I  761.0 1.314 1.959 
fi 751.0 1.332 2.085 
I t  729.5 1.371 2.409 
I t  716.5 1.396 2.598 
I I  705.0 1.418 2.815 
!• 700.0 1.429 2.851 
I l  692.5 1.444 2.972 
I I  681.5 1.467 3.220 
I I  665.0 1.504 3.507 
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Table 23. Vapor pressure data for the CeMg3-CéMg2 two-phase 
region 
Composition Temperature lO^/T -logio^(torr) 
at.% Ce (°K) (OK-1) 
27 898.0 1.114 0.549 
r i  890.0 1.124 0.622 
30 921.5 1.085 0.311 
t t  912.0 1.097 0.414 
t l  899.5 1.112 0.533 
898.0 1.114 0.550 
(38) 928.0 1.078 0.253 
I I  911.5 1.097 0.404 
I I  897.0 1.115 0.556 
Table 24. Vapor pressure data for the CeMg2-CeMg two-phase 
region 
Composition Temperature 103/T -logioP(torr) 
at.% Ce (°K) (°K-1) 
27 912.5 1.096 0.467 
M  903.5 1.107 0.547 
11 896.0 1.116 0.610 
(30) 934.5 1.070 0.323 
I I  926.0 1.080 0.365 
i i  912.5 1.096 0.469 
I I  905.0 1.105 0.534 
I I  896.0 1.116 0.607 
38 918.5 1.089 0.432 
I I  913.0 1.095 0.450 
I I  903.5 1.107 0.540 
t l  893.5 1.119 0.612 
I I  892.0 1.121 0.640 
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Table 25. Vapor pressure data for the CëMgg-CeMg two-phase 
region 
Composition Temperature 10 /T -log]^oP(torr) 
at.% Ce (°K) (°K-1) 
27 882.0 1.134 0.700 
" 878.0 1.139 0.766 
" 874.5 1.144 0.784 
" 867.5 1.153 0.880 
" 854.5 1.170 1.034 
848.0 1.179 1.109 
" 834.0 1.199 1.250 
I I  827.0 1.209 1.327 
" 814.0 1.229 1.510 
" 806.5 1.240 1.574 
" 796.5 1.256 1.752 
" 780.0 1.282 1.951 
" 749.0 1.335 2.395 
" 729.0 1.372 2.700 
" 720.0 1.389 2.894 
694.0 1.441 3.335 
" 682.0 1.466 3.527 
671.0 1.482 3.742 
30 886.5 1.128 0.674 
" 874.0 1.144 0.802 
862.0 1.160 0.917 
" 844.0 1.185 1.141 
" 821.0 1.218 1.409 
I t  
M  
I I  
n 
I I  
814.0 1.229 1.521 
794.0 1.259 1.780 
774.0 1.292 2.087 
756.0 1.323 2.306 
736.0 1.359 2.596 
" 707.5 1.413 3.053 
" 694.0 1.441 3.314 
" 677.0 1.477 3.622 
38 884.0 1.131 0.694 
" 866.5 1.154 0.865 
" 847.0 1.181 1.108 
833.5 1.200 1.246 
813.5 1.229 1.485 
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Table 26. Vapor pressure data for the CeMg-Ce(or,s. s . ) two-
phase region 
Composition Temperature 10^/T -logTLQP(torr) 
at.% Ce (°K) (OR-l) 
(44) 870.0 
n 867.5 
I t  850.0 
11 847.5 
t f  830.0 
f V  821.0 
I I  800.5 
I I  794.0 
I I  780.5 
I I  773.0 
I I  753.0 
I I  734.5 
I I  716.0 
I I  703.5 
n 693.0 
60^ 772.0 
I I  766.0 
66^ 748.0 
11 726.0 
I I  698.0 
!! 687.0 
75^ 776.0 
I I  739.0 
I I  675.0 
1.149 1.060 
1.153 1.057 
1.177 1.276 
1.180 1.270 
1.205 1.524 
1.218 1.648 
1.249 1.932 
1.259 2.050 
1.281 2.185 
1.294 2.339 
1.328 2.620 
1.362 2.927 
1.397 3.204 
1.422 3.408 
1.443 3.576 
1.295 2.291 
1.306 2.378 
1.337 2.686 
1.377 3.067 
1.433 3.528 
1.456 3.762 
1.289 2.297 
1.353 2.817 
1.482 3.939 
^Selected data from the vapor pressure measurements 
of CeMg-Ce(s.s.) tv?o-phase alloys by Ogrsn, Magnani and 
Smith (24). 
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Table 27. Vapor pressure data for the Ce(Y,s.s.)-Ce(*,s.s.) 
two-phase region 
Composition Temperature 10^/T -logigPCtorr) 
at.% Ce (Or) (OR-i) 
(44) 911.0 1.098 0.679 
" 890.0 1.124 0.902 
" 868.5 1.151 1.121 
" 847.5 1.180 1.363 
" 825.0 1.212 1.629 
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Table 28. Vapor pressure data for the NdMgi2""Nd5Mg4i" 
two-phase region 
Composition Temperature lO^/T -logiQP(torr) 
at.% Nd (°K) (OR-l) 
9 815.0  1 .227 .798 
I I  800.0  1 .250 .932 
I I  794.0  1 .259 1 .031 
I I  779.0  1 .284 1 .167 
I I  773.5  1 .293 1 .257 
I I  754.5  1 .325 1 .480 
I I  753.5  1 .327 1 .473 
I I  734.0  1 .362 1 .751 
I I  723.0  1 .383 1 .926 
I I  717.0  1 .395 2 .041 
I I  702.0  1 .425 2 .227 
11 694 .0  1 .441 2 .370 
I I  676.5  1 .478 2 .661 
I t  654.0  1 .529 3 .032 
I I  636.5  1 .571 3 .305 
10  825.5  1 .211 .660 
1 1  816.5  1 .225 .739 
M  805.0  1 .242 .875 
I I  796.0  1 .256 .988 
I I  789.0  1 .267 1 .057 
I t  785.0  1 .274 1 .089 
i i  776 .0  1 .289 1 .228 
I I  769.0  1 .300 1 .298 
I I  767.0  1 .304 1 .328 
I I  755.5  1 .324 1 .460 
r t  745.0  1 .342 1 .610 
I I  736.0  1 .359 1 .724 
I I  703.0  1 .423 2 .212 
I t  684.0  1 .462 2 .508 
t f  665.5  1 .503 2 .827 
I I  651.5  1 .535 3 .068 
I t  645.5  1 .549 3 .161 
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Table 29. Vapor pressure data for the ''Nd^Ng^'-NdNgg two-
phase region 
Composition Temperature 10^/T -logiQp(torr) 
at.7oNd (°K) (OR-l) 
14 868.0 1.152 .790 
" 858.0 1.166 .888 
" 847.0 1.181 1.008 
" 836.5 1.195 1.108 
" 831.5 1.203 1.209 
" 826.5 1.210 1.235 
" 806.0 1.241 1.476 
" 786.5 1.272 1.756 
764.0 1.309 2.069 
" 757.5 1.320 2.165 
" 742.5 1.347 2.363 
" 734.5 1.362 2.461 
" 712.0 1.405 2.828 
" 678.0 1.475 3.402 
19 868.0 1.152 .751 
" 853.0 1.172 .933 
" 841.0 1.189 1.096 
" 820.5 1.219 1.356 
" 809.0 1.236 1.450 
" 801.5 1.248 1.565 
" 790.5 1.265 1.730 
780=0 1.282 1.857 
770.5 1.298 1.995 
" 739.0 1.353 2.417 
" 722.5 1.384 2.682 
705.0 1.418 2,945 
" 698.0 1.433 3.073 
" 675.5 1.480 3.449 
" 654.5 1.528 3.847 
113 
Table 30. Vapor pressure data for the NdMg3-NdMg2 two-phase 
region 
Composition Temperature lO^/T -logj^o^Ctorr) 
at.% Nd (°K) (OR-l) 
27 899.0 1.112 .791 
889.5 1.124 .872 
888.5 1.126 .900 
870.0 1.149 1.091 
869.5 1.150 1.077 
869.5 1.150 1.071 
" 861.0 1.161 1.196 
855.0 1.170 1.234 
851.0 1.175 1.258 
844.5 1.184 1.342 
841.0 1.189 1.422 
832.0 1.202 1.491 
821.0 1.218 1.667 
791.5 1.263 2.011 
753.0 1.328 2.584 
735.5 1.360 2.798 
728.5 1.373 2.924 
698.0 1.433 3.419 
I I  
I I  
I I  
I I  
I I  
M  
11 
I I  
I I  
I I  
I I  
30 860.5 1.162 1.220 
" 860.0 1.163 1.200 
" 855.5 1.169 1.228 
" 851.5 1.174 1.294 
" 851.0 1.175 1.289 
850.5 1.176 1.332 
" 841.0 1.189 1.413 
840.5 1.190 1.444 
831.0 1.203 1.530 
704.0 1.421 3.309 
(44) 869.0 1.151 1.109 
850.0 1.177 1.304 
829.5 1.206 1.549 
828.0 1.208 1.527 
811.0 1.233 1.763 
811.0 1.233 1.796 
791.0 1.264 2.031 
706.5 1.415 3.236 
706.5 1.415 3.311 
I I  
» !  
I l  
I I  
I I  
I I  
I I  
I I  
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Table 31. Vapor pressure data for the NdMgg-NdMg two-phase 
region 
Composition Temperature lO^/T -]-og-j^QP(torr) 
at.% Nd (°K) (OR-l) 
(27) 925.5 
I I  914.5 
I I  904.0 
I I  893.5 
M  853.0 
11 852.5 
M  832.5 
I I  812.0 
n  742.0 
I I  721.0 
M  701.5 
(30) 919.0 
I I  909.0 
I I  894.5 
I I  860.0 
I I  860.0 
I I  709.0 
38 894.0 
I I  890.5 
I I  882.5 
I I  862.0 
I I  837.5 
I I  820.0 
I I  799.5 
I I  761.0 
I I  723.5 
M  700.5 
44 849.0 
I I  790.0 
ï; 781.5 
I I  747.0 
I I  727.0 
I I  719.5 
I I  706.5 
1.081 .574 
1.094 .676 
1.106 .777 
1.119 .881 
1.172 1.381 
1.173 1.415 
1.201 1.625 
1.232 1.878 
1.348 2.909 
1.387 3.235 
1.426 3.580 
1.088 .653 
1.100 .742 
1.118 .878 
1.163 1.295 
1.163 1.318 
1.410 3.459 
1.119 .930 
1.123 .920 
1.133 1.026 
1.160 1.291 
1.119 1.544 
1.220 1.808 
1.251 2.088 
1.314 2.586 
1.382 3.218 
1.428 3.570 
1.178 1.409 
1.266 2.205 
1.280 2.307 
1.339 2.829 
1.376 3.141 
1.390 3.295 
1.415 3.479 
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Table 32. Vapor pressure data for the NdMg-Nd(«,s.s.) two-
phase region 
Composition 
at.% Nd 
Temperature 
(°K) 
lO^/T 
(OR-l) 
-log2QP(torr) 
(27) W 
(30) 
n 
II 
fi 
II 
It 
(38) 
I I  
fl 
I I  
I I  
I I  
I I  
11 
I I  
(44) 
I I  
I I  
M  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
M  
I I  
M  
I I  
I I  
I I  
I I  
I I  
792.0 
762.5 
891.5 
871.0 
861.0 
851.0 
851.0 
835.0 
926.0 
903.0 
881.0 
874.5 
865.0 
856.5 
845.0 
824.5 
743.0 
723.0 
925.0 
908.5 
888.0 
888.0 
872.0 
869.5 
862.0 
852.0 
842.0 
842.0 
830.0 
813.5 
811.5 
803.0 
801.0 
780.0 
764.0 
763.5 
743.5 
731.0 
1.263 
1.312 
1.122 
1.148 
1.161 
1.175 
1.175 
1.198 
1.080 
1.107 
1.135 
1.144 
1.156 
1.168 
1.183 
1.213 
1.346 
1.383 
1.081 
1.101 
1.126 
1.126 
1.147 
1.150 
1.160 
1.174 
1.188 
1.188 
1.205 
1.229 
1.232 
1-245 
1.248 
1.282 
1.309 
1.310 
1.345 
1.368 
2.253 
2.656 
1.023 
1.241 
1.336 
1.452 
1.449 
1.683 
.630 
.849 
1.128 
1.182 
1.328 
1.413 
1.555 
1.820 
2.964 
3.304 
.685 
.844 
1.046 
1.036 
1.252 
1.235 
1.359 
1.487 
1.596 
1.581 
1.747 
1.954 
1.988 
2,090 
2.108 
2.424 
2.701 
2.629 
2.988 
3.175 
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Table 33. Vapor pressure data for the Nd(p,s.s.)-Nd(9,s.s.) 
two-phase region 
Composition Temperature lO^/T -logiQP(torr) 
at.% Nd (Or) (OR-l) 
( 3 8 )  917.0 1.091 .877 
f t  913.0 1.095 .947 
1 1  862.0 1.160 1.449 
(44) 934.5 1.070 .758 
I I  927.0 1.079 .814 
I I  909.0 1.100 .981 
I I  887.0 1.127 1.215 
I I  822.0 1.217 1.881 
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Table 34. Vapor pressure data for the "GdNg^^^-GdMg] two-
phase region 
Composition Temperature lO^/T -logloF(torf) 
at.% Gd (°K) (OR-l) 
14 833.5 1.200 .805 
f f  823.0 1.215 .894 
M  814.0 1.228 1.000 
M  803.0 1.245 1.161 
M  798.0 1.253 1.160 
I I  785.0 1.274 1.375 
I I  768.0 1.302 1.585 
t l  751.0 1.332 1.823 
I I  739.5 1.352 1.971 
I I  733.5 1.363 2.073 
I I  722.5 1.384 2.237 
I I  713.0 1.403 2.358 
I I  702.0 1.425 2.532 
I I  696.0 1.437 2.656 
I I  696.0 1.437 2.651 
I I  688.5 1.452 2.735 
I I  677.0 1.477 2.963 
I I  666.5 1.500 3.153 
I I  655.5 1.526 3.384 
19 838.0 1.193 .688 
I I  815.0 1.227 1.018 
n 807.5 1.238 1.044 
I I  794.0 1.259 1.241 
I I  794.0 1.259 1.248 
I I  787.0 1.271 1.294 
I I  776.5 1.288 1.429 
I I  776.5 1.288 1.452 
I I  772.5 1.294 1.512 
11 765.0 1.307 1.644 
I I  753,0 1.328 1.776 
I I  743.0 1.346 1.935 
I I  733.0 1.364 2.043 
11 713.0 1.403 2.339 
11 690.5 1.448 2.511 
11 679.5 1.472 2.881 
11 663.0 1.508 3.165 
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Table 35. Vapor pressure data for the GdMg3-GdMg2 two-phase 
region 
Composition Temperature 10^/T - log^ol* (torr) 
at.7, Gd (°K) (OR-l) 
28 837.0 1.195 1.335 
I I  817.0 1.224 1.586 
1 1  798.0 1.253 1.802 
I I  768.5 1.301 2.247 
30 874.0 1.144 .924 
1 1  867.0 1.153 1.025 
I I  852.5 1.173 1.145 
1 1  851.0 1.175 1.244 
I I  841.0 1.189 1.297 
I I  831.0 1.203 1.429 
I I  820.0 1.220 1.531 
I I  809.5 1.235 1.699 
I I  799.5 1.251 1.810 
I I  791.0 1.254 1.933 
I I  780.0 1.282 2.072 
M  780.0 1.282 2.074 
1 1  772.0 1.295 2.234 
I I  759.0 1.318 2.374 
I I  744.0 1.344 2.607 
M  728.5 1.373 2.816 
I I  726.0 1.377 2.797 
I I  726.0 1,377 2 .-842 
M  718.5 1.391 2.012 
11 709.0 1.410 3.111 
11 708.0 1.412 3.098 
I I  696.5 1.436 3.327 
(38) 877.5 1.140 .891 
I I  856.5 1.168 1.149 
(43) 814.0 1.228 1.667 
f l  704.0 1.420 3.165 
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Table 36. Vapor pressure data for the GdMg2-GdMg two-phase 
region 
Composition Temperature lO^/T -log^QPftorr) 
at.% Gd (°K) (°K-1) 
38 901.0 1.110 .881 
891.0 1.122 .980 
889.5 1.124 .924 
876.5 1.141 1.077 
870.0 1.149 1.198 
863.0 1.159 1.244 
" 843.0 1.186 1.485 
822.0 1.217 1.752 
812.5 1.231 1.903 
803.5 1.245 2.005 
783.0 1.277 2.260 
761.5 1.313 2.593 
739.5 1.352 2.925 
722.5 1.384 3.115 
719.5 1.390 3.241 
704.0 1.420 3.481 
695.0 1.439 3.644 
I t  
M  
M  
M  
!1 
I I  
I I  
I I  
M  
I I  
43 876.0 1.142 1.074 
" 876.0 1.142 1.124 
855.5 1.169 1.357 
835.0 1.198 1.583 
815.5 1.226 1.839 
805.5 1.241 1.978 
794.0 1.259 2.099 
774.5 1.291 2.401 
755.0 1.325 2.664 
738.0 1.355 2.958 
715.0 1.399 3.293 
I I  
I I  
; ;  
M  
I I  
I I  
I I  
I I  
I I  
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Table 37. Vapor pressure data for the GdMg-Gd(a,s.s.) two-
phase region 
Composition Temperature lO^/T - l o g j L o P ( t o r r )  
at.% Gd (°K) (OR-l) 
(38) 898.5 1.113 1.706 
n 897.5 1.114 1.655 
I I  878.0 1.139 1.963 
I I  838.0 1.193 2.484 
I t  803.0 1.245 2.933 
n 784.0 1.276 3.123 
I I  770.0 1.299 3.404 
I I  765.0 1.307 3.444 
(43) 919.0 1.088 1.457 
11 909.0 1.100 1.562 
1! 899.5 1.112 1.638 
I l  898.5 1.113 1.688 
I I  878.0 1.139 1.955 
• I  857.5 1.166 2.216 
1 1  848.5 1.179 2.429 
M  838.5 1.193 2.385 
I I  818.0 1.222 2.669 
I I  798.0 1.253 2.994 
I I  778.0 1.285 3.224 
M  758.5 1.318 3.532 
55 510.0 1.099 1.535 
I I  890.0 1.124 1.830 
I I  768.0 1.302 3.463 
58 897.0 1.115 1.633 
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Table 38. Vapor pressure data for the Dy^Ng2^-DyMg2 two-
phase region 
Composition Temperature lO^/T -log^QPCtorr) 
at.% Dy (°K) (^K"!) 
20 825.0 
I I  810.0 
I I  810.0 
I I  810.0 
I t  803.5 
I t  799.0 
I I  799.0 
I t  789.0 
I t  788.5 
M 782.5 
I t  779.0 
! l  777.5 
I t  768.5 
11 766.0 
I I  763.5 
t l  760.5 
I t  758.5 
I t  749.5 
t l  748.5 
I t  740.0 
I I  736.5 
I I  
Î Î  
734.0 
730.0 
I t  725.5 
I I  721.0 
I t  716.0 
! t  703.5 
t l  702.5 
I t  693.5 
I I  690.5 
t l  ^  O  O  A  
U O O  •  V  
I t  671.0 
t l  671.0 
t l  671.0 
22 825.0 
I I  795.0 
I I  786.5 
1.212 .907 
1.235 1.046 
1.235 .945 
1.235 1.087 
1.245 1.180 
1.252 1.181 
1.252 1.141 
1.267 1.343 
1.268 1.387 
1.278 1.316 
1.284 1.458 
1.286 1.456 
1.301 1.557 
1.305 1.575 
1.310 1.632 
1.315 1.729 
1.318 1.691 
1.334 1.847 
1.336 1.799 
1.351 1.995 
1.358 1.943 
1.362 2.022 
1 0 m o t on J.,  ^  f \ j  4, • JL^V 
1.378 2.211 
1.387 2.207 
1.397 2.327 
1.421 2.444 
1.423 2.459 
1.442 2.644 
1.448 2.665 
1.453 2.803 
1.490 3.050 
1.490 2.990 
1.490 2.962 
1.212 .910 
1.258 1.203 
1.271 1.275 
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Table 38. (Continued) 
Composition Temperature 10^/T -logioP(torr) 
at.% Dy (°K) (OR-l) 
22 775.5 1.289 1.496 
" 766.0 1.305 1.588 
" 756.0 1.323 1.732 
" 746.0 1.340 1.910 
" 734.5 1.361 2.050 
" 725.G 1.379 2.213 
" 715.0 1.399 2.357 
703.5 1.421 2.536 
" 666.0 1.502 3.093 
" 652.0 1.534 3.358 
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Table 39. Vapor pressure data for the DyMg3-DyMg2 two-phase 
region 
Composition Temperature 103/T 
-logioP(torr) 
at.7o Dy (°K) (OR-l) 
27 844.5 1.184 .917 
t l  828.0 1.208 1.041 
M  812.5 1.231 1.298 
M  802.5 1.246 1.428 
I I  794.5 1.259 1.532 
M  788.5 1.268 1.534 
I I  771.0 1.297 1.818 
t l  761.0 1.314 1.989 
I I  746.0 1.340 2.167 
M  734.0 1.362 2.302 
I I  719.5 1.390 2.532 
t l  708.5 1.411 2.702 
M  685.0 1.460 3.063 
1 1  674.0 1.484 3.318 
30 840.5 1.190 .931 
t l  831.0 1.203 1.007 
I I  810.5 1.234 1.287 
t l  798.0 1.253 1.391 
t l  782.0 1.279 1.635 
1 1  783.5 1.276 1.619 
I t  769.5 1.300 1.821 
I t  758.0 1.319 1.947 
t l  751 = 0 1.332 2.064 
? ?  744.0 1.344 2.213 
t l  744.0 1.344 2.172 
I I  742.5 1.347 2.260 
I I  686.0 1.458 3.083 
;; 680.0 1.471 3.215 
I I  668.0 1.497 3.407 
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Table 40. Vapor pressure data for the DyMg2-DyMg two-phase 
region 
Composition Temperature lO^/T -log-|^AP(torr) 
at.% Dy (Or) (OR-l) 
38 872.5 1.146 1.018 ff 861.0 1.161 1.147 
M  850.0 1.176 1.248 
I I  846.0 1.182 1.286 
I I  844.5 1.184 1.395 
I I  832.5 1.201 1.536 
I I  823.0 1.215 1.617 
I I  813.0 1.230 1.765 
I I  797.0 1.255 1.960 
I I  785.5 1.273 2.108 
I I  778.5 1.285 2.163 
I I  765.5 1.306 2.367 
I I  755.0 1.325 2.580 
I I  755.0 1.325 2.615 
I I  742.5 1.347 2.732 
M  731.5 1.367 2.870 
I I  717.0 1.395 3.220 
I I  706.0 1.416 3.339 
I I  694.0 1.441 3.559 
I I  684.0 1.462 3.747 
44 874.5 1.144 1.022 
I I  859.5 1.163 1.129 
I I  840.5 1.190 1.455 
I I  840.0 1.190 1.446 
I I  825.0 1.212 1.589 
I I  816.0 1.225 1.763 
I I  816.0 1.225 1.780 
M  812.0 1.232 1.734 
I I  802.5 1.246 1.899 
î! 802.5 1.246 1.947 
I l  796.5 1.255 1.984 
I I  796,5 1.255 1.974 11 796.5 1.255 1.981 
I I  794.5 1.259 1 = 985 
I I  794.5 1.259 1.963 
I I  786.0 1.272 2.157 
I I  776.5 1.287 2.182 
I I  729.5 1.371 2.947 
I I  708.0 1.412 3.266 
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Table 4L Vapor pressure data for the DyMg-Dy(«,s.s.) two-
phase region 
Composition Temperature 10^/T -log]_QP(torr) 
at.% Dy (°K) (°K'^) 
57 879.5 1.137 1.856 
M  856.5 1.168 2.096 
I I  843.5 1.186 2.192 
11 843.5 1.186 2.094 
I I  843.5 1.186 2.189 
M  840.0 1.190 2.222 
I I  825.0 1.212 2.409 
M  810.0 1.235 2.578 
I I  798.0 1.253 2 . 6 2 2  
I I  782.5 1.278 2.979 
I I  753.0 1.328 3.427 
11 743.0 1.346 3.549 
I I  735.0 1.361 3.749 
I I  733.0 1.364 3.720 
74 902.0 1.109 1.496 
I I  830.0 1.205 2.358 
11 810.5 1.234 2.677 
I I  794.5 1.259 2.879 
r i  765.5 1.306 3.221 
I I  747.0 1.339 3.495 
78 860.0 1.163 2.072 
I I  846.0 1.182 2.037 
11 846.0 1.182 2.195 
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Table 42. Vapor pressure data for the Er^Mg24-ErMg2 two-
phase region 
O 
Composition Temperature 10 /T -logiQP(torr) 
at.% Er (Or) (OR-I) 
21 814.0 1.228 .950 
M  806.5 1.240 .930 
I I  797.0 1.255 1.061 
I I  790.0 1.266 1.181 
I t  771.5 1.296 1.408 
11 770.5 1.298 1.466 11 761.5 1.313 1.525 
Ï I  758.0 1.319 1.626 
I I  750.5 1.332 1.677 
M  741.0 1.350 1.831 
I I  737.5 1.356 1.918 
I I  721.5 1.386 2.088 
M  708.0 1.412 2.321 
11 696.0 1.437 2.527 
I I  661.5 1.512 3.154 
I I  649.5 1.540 3.291 
27 822.5 1.216 .751 
11 801.5 1.248 .983 
11 791.5 1.263 1.184 
11 781.0 1.280 1.289 
11 771,0 1 = 297 1.413 
•  ï  754.0 1.326 1.661 
11 736.5 1.358 1.902 
I I  720.5 1.388 2.141 
11 708.0 1.412 2.331 
11 696.0 1.437 2.531 
I I  674.5 1.483 2.826 
11 663.0 1.508 2.988 
11 651.0 1.536 3.204 
Î !  651.0 1.536 3.302 
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Table 43. Vapor pressure data for the ErMg2-ErMg two-phase 
region 
q 
Composition Temperature 10 /T -log]^QP(torr) 
at.% Er (°K) (°K-1) 
(27) 
11 
I I  
M  
I I  
I I  
I I  
I I  
I I  
11 
11 
I I  
838.0 
837.0 
817.0 
796.5 
785.0 
776.0 
775.0 
775.0 
765.0 
755.0 
734.5 
693.5 
1.193 
1.195 
1.224 
1.255 
1.274 
1.289 
1.290 
1.290 
1.307 
1.325 
1.361 
1.442 
1.035 
.983 
1.267 
1.582 
1.761 
1.869 
1.867 
1.807 
2.071 
2.164 
2.522 
3.118 
38 
I I  
I I  
I I  
I I  
I I  
I I  
I I  
I I  
f* 
I I  
I I  
I !  
I l  
I I  
I I  
I I  
857.5 
831.0 
821.5 
810.5 
801.0 
801.0 
791.0 
781.0 
769.5 
750.0 
750.0 
739.5 
729.0 
719.0 
709.0 
685.5 
669.0 
1.166 
1.203 
1.217 
1.234 
1.248 
1.248 
1.264 
1.280 
1.300 
1.333 
1.333 
1.352 
1.372 
1.391 
1.410 
1.459 
1.495 
.873 
1.125 
1.175 
1.360 
1.488 
1.459 
1.580 
1.752 
1.886 
2 .212  
2.290 
2.334 
2.485 
2.672 
2.857 
3.243 
3.614 
43 779.5 1.283 1.729 
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Table 44. Vapor pressure data for the ErMg-Er(a, s. s . ) two-
phase region 
Composition Temperature lO^/T -log]^oP(torr) 
at.7o Er (°K) (°K-1) 
(38) 899.0 1.112 1.138 
I I  878.5 1.138 1.310 
I I  856.5 1.168 1.602 
I I  838.5 1.193 1.947 
I I  818.5 1.222 2.073 
I I  798.0 1.253 2.406 
I I  778.0 1.285 2.814 
I I  707.5 1.413 3.930 
(43) 882.0 1.134 1.295 
I I  862.0 1.160 1.616 
I I  841.5 1.188 1.937 
I I  820.5 1.219 2.255 
I I  811.5 1.232 2.266 
55 849.0 1.178 1.660 
I I  829.5 1.206 2.025 
I I  808.5 1.237 2.332 
11 788.5 1.268 2.600 
I I  768.0 1.302 2.956 
I I  768.0 1.302 2.944 
I I  748.0 1.337 3.227 
11 748.0 1.337 3.208 
î! 727.5 1.375 3.734 
57 874.0 1.144 1.384 
I I  862.5 1.159 1.630 
I I  842.5 1.187 1.834 
I I  802.0 1.247 2.384 
I I  786.0 1.272 2.687 
74 853.0 1.172 1.664 
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Table 45. Vapor pressure data for the LugMg2^-LuMg2 two-
phase region 
Composition Temperature 10^/T -logiQP(torr) 
at.% Lu (°K) (OR-I) 
21 811.0 1.233 .787 
" 791.5 1.263 1.039 
" 771.5 1.296 1.316 
" 771.5 1.296 1.325 
761.0 1.314 1.444 
" 705.0 1.418 2.324 
" 682.0 1.466 2.701 
" 652.5 1.533 3.180 
26 815.5 1.226 .768 
806.0 1.241 .940 
" 785.5 1.273 1.146 
" 765.5 1.306 1.366 
746.0 1.340 1.686 
" 723.0 1.383 2.039 
" 723.0 1.383 2.008 
" 703.0 1.422 2.342 
" 703.0 1.422 2.285 
685.5 1.459 2.655 
667.5 1.498 2.954 
" 644.0 1.553 3.340 
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Table 46. Vapor pressure data for the LuMg2-LuMg two-phase 
region 
Composition Temperature lO^/T -log^QP(torr) 
at.% Lu (°K) (OR-l) 
(21) 832.0 1.202 .825 
" 812.0 1.232 1.029 
" 802.0 1.247 1.134 
791.5 1.263 1.316 
" 773.0 1.294 1.584 
" 753.5 1.327 1.896 
" 735.0 1.361 2.207 
" 711.0 1.406 2.632 
" 696.0 1.437 2.883 
681.0 1.468 3.227 
37 828.0 1.208 .793 
817.5 1.223 .958 
807.5 1.238 1.038 
" 796.5 1.255 1.227 
" 786.0 1.272 1.367 
" 776.0 1.289 1.592 
766.5 1.305 1.663 
" 756.0 1.323 1.806 
" 715.0 1.399 2.530 
" 690.0 1.449 3.004 
" 667.5 1.498 3.424 
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Table 47. Vapor pressure data for the LuMg-Lu(w,s.s.) two-
phase region 
Composition Temperature lO^/T -logiQP(torr) 
at.y. Lu (Or) (OK-1) 
(37) 879.0 1.138 1.219 
859.0 1.164 1.559 
" 839.0 1.192 1.828 
" 798.0 1.253 2.601 
" 787.0 1.271 2.821 
" 776.5 1.288 2.891 
" 756.5 1.322 3.306 
736.0 1.359 3.708 
(42) 894.0 1.119 1.079 
" 874.0 1.144 1.326 
853.5 1.172 1.582 
" 833.5 1.200 1.875 
" 824.0 1.214 2.089 
" 813.5 1.229 2.224 
" 803.5 1.245 2.495 
" 793.0 1.261 2.572 
" 763.0 1.311 3.082 
" 743.5 1.345 3.517 
